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Description 

Compositions and Methods for Diagnosis and Therapy 
of Malignant Mesothelioma 

1. Background of the Invention 

The present application claims priority to United States Provisional Patent Applica- 
tion Serial No 60/184,070, filed February 22, 2000; the entire specification, claims and 
figures of which are incorporated herein by reference without disclaimer. Portions of this 
research were conducted in part through funding from the United States Department of 
Health and Human Services under grant number SBIR R43 CA81752. 



1 .1 Field of the Invention 

The present invention relates generally to the fields of cancer diagnosis and therapy. 

1 5 More particularly, it concerns the surprising discovery of compositions and methods for the 
detection and immunotherapy of mesotheliomas, and particularly, malignant pleural 
mesothelioma. The invention provides new, effective methods^ compositions and kits for 
eliciting immune and T-cell response to Wilms* tumor antigen pplypeptide-derived antigenic 
fragments, and methods for the use of such compositions for diagnosis, detection, treatment, 

20 monitoring, and/or prevention of human malignant pleural mesothelioma. 

1.2 Description of Related Art 
1 .2.1 Wilms' Tumor Antigen 

The Wilms' tumor gene encodes a nuclear-expressed polypeptide designated WT1, 
which is possesses the structural features of a DNA binding transcription factor. WT1 has 
alternatively spliced variants, including a 429-amino acid polypeptide comprising four 
contiguous zinc finger domains at its carboxy terminus, and a glutamine/proline-rich region 
at its amino terminus, that mediates transcriptional suppression or activation in transient 
transaction assays. 
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advanced stages, where neither radiation, nor chemotherapy, nor multimodal^ treatment 
can significantly alter the poor prognosis. Moreover, the absence of a standard effective 
therapy for these patients makes long-term survival unlikely fVon Buhzingslowen, 1999; 
Gennaro et aL, 2000). 

The poor survival rate for patients afflicted with malignant mesothelioma, however, 
could be greatly improved by diagnostic methods that provide more accurate and earlier' 
detection, as well as improved therapies that selectively inhibit the hyperproliferating 
meotheliomacens. The need also exists for effective treatment regimens for mesotheliomas, 
andmparticulax,h^ 

of existing therapies and provide more specific gene expression of the therapeutic constructs 
directly in the cancerous cells. Development of suitable treatment regimens for human 
mabgnant pleural mesotheboma would represent a significantadvanceforthose of skill in the 
oncologic arts, and would facilitate improved diagnostic and therapeutic modalities for this 
aggressive cancer. 

2. Summary of toe Invention 

The present invention addresses the foregoing long-felt need and other deficiencies in 
the art by identifying new and effective strategies for the diagnosis, detection, prophylaxis, 
therapy, and immunomodulation of WT1 -associated cancers, and in particular, malignant 
pleural mesothelioma. The present invention is based, in part, upon the surprising and 
unexpected discovery that immune and T cell responses to particular antigenic peptide 
fragments of the Wilms' tumor (WT) gene product WT1) can provide particularly 
advantageous compositions and methods for the diagnosis, prophylaxis and/or therapy for an 
animal having, suspected of having, or at risk for developing one or more malignant diseases 
characterized by increased WT1 gene expression, and in particular, malignant pleural 
mesothelioma in a human. The WT1 gene was originally identified and isolated on the basis 
of a cytogenetic deletion at chromosome 1 lpl 3 in patients with Wilms' tumor (U. S. Patent 
No. 5,350,840). The gene consists of 10 exons and encodes a zinc finger transcription factor, 
and sequences of mouse and human WT1 polypeptides are provided in FIG. 1 (SEQ ID 
NO.-319 and SEQ ID NO.320, respectively). 
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hm a fa. nudeic acid segmen, 0,. encodes such a peptide, wherein ft. pqaide comprises 
•ft- con^ons amino acid seaj^ce acconJing to any „„e „f SEQ ID NO: I to SEQ IT> 

Na4, s E Q B mi3 |o ^ m Nft2o _ ^ ^ NO:28 ^ S gQ JD NOr31I SE q ro 

ri? mNo:3,4,sEQro ^ 3,6,osEQroNo ^ * 

SEQ m NO:326, and more partfcu>ar>y, a contiguous amino acid sequence according ,o any 

JO oneofSEQiDNO:281hroiigiiSEO]DN011l! \u " , ■ 

** V NO J ' 8 - Wl * P?!*** comprising one or more of Ihe 

primary amino acid sequences disclosed in SEQ ID NO:2, SEQ ID NO:34, SEQ ID NO 35 
■**»™*. ** ID NO:S». SEQ ID NO:I44, SEQ ID NO:H7^ Q ID N o : , S5> SE Q 
*MW* SEQ ID N0 :I „. SEQ m NO :255, SEQ ,D KO:2S2, SEQ ID Na283 , andSEQ 
<"NO:293 tang particularly preferred. 

Ptfcnl ranges, such asfor example, those peptides of about 55, about 50, about 45, abou, 
about 35, ,bo„, 30, abou, 25, aton, 20, or even abou,, 5 amino acids or so in .engfl, as 
wen as .hose pep,ides having mtermediate lengms ^ ^ ^ 

*> ^^•«. a ^Habon,43,abou 1 42,abon,4,,.bo«39,ab. > «3 8 ,ab„ u ,27,oreven 
abou, 36 or so amino acids in tatgU,, eto) . „ ^ ^ 

Wodes :are preferred. ,he length of me pcpdde be 9, or about , 0 , or abou, „, or abou, 
>2, »r abou, ,3, or abou, l4 or even abou, ,5 or *, amino acids fa ^ s „ ^ ^ 

25 M ' fa ^ M ~ — *• * «* — ' 

SEQ ,D N0 :I, SEQ ID NO.-2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO,3, SEQ ID 

"0:14, SEQ ID NO:,5, SEQ ID NO.6, SEQ ID NO:,7, SEQ ,D NO: 1S , SEQ 1D NO-19 
and SEQ ID NO:2„, as we,, as any one of SEQ ID NO:2S ,o SEQ ID NO:3, 1, SEQ ID 
NW,3, SEQ ,D NO:3,4, SEQ ID NO :3,6 ,„ SEQ ID NO:3,S, SEQ ID N0.32,, SEQ ID 
NO:322, SEQ ID KO.,23, SEQ ID NO.324, SEQ ID NO.-325, and SEQ ID NO :326. 
Ldcewise, when shghUy honger peptides are preferred, the length of fte peptide may be about 
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16, or about 17, or about 1 8, or about 19, or about 20, or about 21, or about 22, or about 23, 
or about 24, or even about 25 or so amino acids in length, so long as the peptide comprises at 
least a first contiguous amino add sequence according to any one of SEQ ID NO:l to SEQ 
ID NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ED 
5 NO:313, SEQ ID N0314, SEQ ID NO:316 to SEQ ID NO:31 8 and SEQ ID NO:321 to SEQ 
ID NO:326. When intermediate-length antigenic peptides or antigen binding fragments are 
desired, the peptides may be on the order of about 26, or about 27, or about 28, or about 29, 
or about 30, or about 31, or about 32, or about 33, or about 34, or even about 35 or so amino 
acids in length, so long as they each comprise at least a first contiguous, amino add sequence 
10 according to any one of SEQ ID NO: 1 to SEQ ID NO:4, SEQ ID NO: 13 to SEQIDN020, 
SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID N03I3, SEQ ID NO:314, SEQ ID N0316 to 
SEQ ID NO:31 8, and SEQ ID NO:32 1 to SEQ ED NO J26. 

These peptides comprise at least a first contiguous amino acid sequence according to 
any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO: 13 to SEQ ID NO:20, SEQ ID 
15 N028 to SEQ ID NO:318, and SEQ ID NO:32I to SEQ ID NO:326, but may also, 
optionally comprise at least a second, at least a third, or even at least a fourth or greater 
contiguous amino acid sequence according to any one of SEQ ID NO:l to SEQ ID NO:4, 
SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID NO:313, 
SEQ ID NO:314, SEQ ID NO:316 to SEQ ID N03I8, and SEQ ID NO:321 to SEQ ID 
20 NO:326. A single peptide may contain only one of the contiguous amino add sequences 
disclosed herein, or alternatively, a single peptide may comprise a plurality of contiguous 
amino add sequences according to any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID 
NO:I3 to SEQ ID NO:20, SEQ ID N028 to SEQ ID NO:3Il, SEQ ID NO:313, SEQ ID 
N0314, SEQ ID NO:316 to SEQ ID NO:31 8, and SEQ ID NO.321 to SEQ ID NO:326. In 
15 fact, the peptide may comprise a plurality of the same contiguous amino add sequences, or 
they may comprise one or more different contiguous amino acid sequences disclosed in SEQ 
ID NChl to SEQ ID NO:4, SEQ ID NO-.13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID 
NO:31 1, SEQ ID NO:313, SEQ ID NO:3I4, SEQ ID NO:316 to SEQ ID NO:318, and SEQ 
ID N0321 to SEQ ID NO:326. For example, a single peptide of from 9 to about 50 amino 
0 acids in length could comprise a single epitopic peptide disclosed herein, or could comprise 
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2, 3, 4, or even5 distinct epitopic sequences as disclosed in any of SEQIDNOzl to SEQ ID 
NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:31I SEQ Ii> 
NO:3J3, SEQ ID NO:314, SEQ ID NO:3]6 to SEQ ID NO:3J8, and SEQ ID NO-32I to 
SEQ ID NO:326. Ahexnatively, a single peptide of from 9 to about 50 amino adds in length 
5 could comprise 2, 3, 4, or even 5 identical epitopic sequences as disclosed in any one of SEQ 
ID NO:I to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO20, SEQ ID NO:28 to SEQ ID 

NO: 3 n,SEQ ro NO:313,SEQIDN0314,SEQipN0316toSEQ,DNO:318andSEQ 
ID NO:321 to SEQ ID NOi326. 

In one exemplary embodiment, the peptide composition comprises at least a first 

segment that encodes such a peptide; wherein the peptide comprises at least a first contiguous 
ammo acid sequence selected from the group consisting of SEQ ID NO:34, SEQ ID N0 35 
SEQ ID NO:49, SEQ ID NO:88, SEQ ID NO:144, SEQ ID NO.147, SEQ ID NOl 85 SEQ 
ID NO: 198, SEQ ID NO: 199, and SEQ ID NO:282. 
'5 Preferred peptides of the present invention likewise encompass those from 10 to 

about 60 amino acids in length, those from 1 1 to about 60 amino acids nvlength, those from 
12 to about 60 amino acids in length, those from 13 to about 60 amino acids in length, as 
well as those from 14 to about 60 amino acids in length, and those from 15toabout60mnind 
acds m length. Likewise, preferred peptides of the present invention encompass those from - 
0 16 to about 60 amino adds in length, and any and all lengths, and sub-ranges of lengths 
wnhm the overall preferred range of peptides of from 9 to about 60 amino acids or so in 
length. In similar fashion, the invention also encompasses those peptides having a length of 
W 10 or 1 1 to about 55 or 60 amino acids in length, and those having a length of from 12 
or 13 to about 45 or 50 amino acids in length, as well as those peptides having a length of 
• from 14 or 15 to about 35 or 40ami„o acids in length, those peptides having a length of from 
16 or 17 to about 25 or 30 amino acids in lengm, and those peptides having a length of from 
18 or 19 to about 20 or so amino acids in length, and so on, to include all sub-ranges within 
the overall range of from 9 to about 60 amino acids in length. 

Throughout this disclosure, a phrase such as "a sequence as disdosed in SEQ ID 
NO:l to SEQ ID NO:4" is intended to encompass any and all contiguous amino acid 
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sequenced disclosed by any of these sequence identifiers, and particularly, the peptide 
sequences disclosed in Table 2 through Table 49 of the present specification; That is to say, 
"a sequence as disclosed in any of SEQ ID NO:l through SEQ ID NO:4" means a sequence' 
that is disclosed in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NOr3, or SEQ ID NO:4. 
Likewise, "SEQ ID NOs:25 Xo 3T means any and all such sequences as disclosed in SEQ ID 
NO:25, SEQ ID NO:26, SEQ ID NO.27, SEQ ID N028, SEQ ID NO:29, SEQ ID NO:3<V 
SEQ ID NO:31, SEQ ID N032, SEQ ID N033, SEQ ID NO:34, SEQ ID NO:35, SEQ ID 
NO:36, and SEQ ID NO:37, and so forth. In fact, the invention encompasses peptides and 
polynucleotides encoding them that comprise at least a first contiguous amino acid sequence 
as disclosed in any one of the sequences identified as SEQ ID NO:I to SEQ ID NO:4, SEQ 
H) NO:13 to SEQID NO:20,SEQIDNO:28 to SEQ EDNO^II, SEQ ID NO:3 13, SEQ ID 
NO:314, SEQIDNO:316 to SEQ IDNO:318, and SEQ IDNO:321 to SEQ IDN0326. 

The invention also encompasses polynucleotides that comprise at least a first 
sequence region that encodes one or more of the peptides or peptide variants as disclosed 
herein. Such polynucleotides may comprise a sequence region of 27 to about 5000 
nucleotides in length, or a sequence region of 27 to about 2000 nucleotides in length, or a 
sequence region of 27 to about 1000 nucleotides in length, or a sequence region of 27 to 
about 900, or about 800, or about 700, or about 600, or about 500, or about 400, or about 
300, or about 200, or even about 100 or so nucleotides in length. 

As in the case of the peptides, the length of the sequence region that encodes the 
peptide may be of any intermediate length in these ranges, such as those polynucleotides that 
comprise at least a first sequence region of from abo« 30 to about 750 nucleotides in length, 
those that comprise at least a first sequence region of from about 35 to about 650 nucleotides 
in length, and those that comprise at least a first sequence region of from about 40 to about 
550, about 450, about 350, about 250, about 150, or even about 50 or so nucleotides in 
length. Such sequence regions may be on the order of about 27, or about 28, or about 29, or 
about 30, or about 31, or about 32, or about 33, or about 34, or even about 35 or so 
nucleotides in length, so long as the sequence region encodes at least a first peptide that 
comprises at least a first contiguous amino acid sequence according to any one of SEQ ID 
NO:l to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO.20, SEQ ID NO:28 to SEQ ID 
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of any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO:20, SEQ JD 
NO:28 to SEQ ID NO:31 1, SEQ ID NO:3I3, SEQ ID N0314, SEQ ID NO:316 to SEQ ID 
N03I8, and SEQ ID NO:32I to SEQ IDNO:32fc 

Similarly, in another related embodiment, the peptide comprises at least a first 
5 isolated peptide of from 9 to about 10 or ] I or so amino acids in length, or at least a first 
nucleic acid segment that encodes the peptide; wherein the peptide consists of the amino acid 
sequence of any one of SEQ ID NO:13 to SEQ ID NO;20, SEQ ID NO:28 to SEQ ID 
NO:31 1, SEQ ID NO:313, SEQ ID NO:314, and SEQ ID NO:316 to SEQ ID and 
particularly wherein the peptide consists of the amino acid sequence of any one of SEQ ID 

10 NO:34,SEQroNO:35,SEQroNO:4^ 

SEQ ID NO:185, SEQ ID NO:19S, SEQ ID NO:199, and SEQ IDN0582; 

In addition to peptides and compositions that comprise a single- peptide species, the 
invention also concerns compositions that comprise 2, 3, 4, or more peptide species and/or 
the polynucleotides that encode such peptides. Such pluralities of peptide and/or 

15 polynucleotide species are particularly desirable in the formulation of therapeutic agents that 
comprise pluralities of peptides having two or more different contiguous amino acid 
sequence as disclosed in the amino acid sequences of SEQ ID NO: I to SEQ ID NO:4, SEQ 
ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID NO:31 1, SEQ ID NO:313, SEQ ID 
NO:314, SEQ ID NO:316 to SEQ ID NO:318, and SEQ ID NO:321 to SEQ ID NO:326, 

20 and/or a plurality of polynucleotides that encode such peptides. Irrespective of the source of 
the particular antigenic WT1 -derived peptide and polynucleotide compounds, the invention 
particularly contemplates the use of one^ two, three or four distinct peptides, polynucleotides 
or derivatives thereof, up to and including a plurality of such compounds. This exemplifies 
the use of singular terminology throughout the entire application,, wherein the terms n a rt and 

25 "an" are used in the sense that they mean "at least one*, "at least a first", "one or more" or "a 
plurality " of the referenced components or steps, except in instances wherein an upper limit is 
thereafter specifically stated or would be understood by one of ordinary skill in the art. The 
operable limits and parameters of combinations, as with the amounts of any single agent, will 
be known to those of ordinary skill in the art in light of the present disclosure. 
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with antigen-specific antibodies and/or T cell lines or clones is not substantially diminished; 
and (b) a physiologically acceptable carrier or excipient Within certain embodiments, the 
patient is afflicted with malignant mesothelioma. In other embodiments, the composition is 
administered prophylactically to a patient considered at risk for the development of 
malignant mesothelioma. The WT1 peptide may, but need not, be present within a vaccine, 
which further comprises an immunostimulant, such as an adjuvant 

Within further aspects, methods are provided for inhibiting the development of 
malignant mesothelioma in a human patient, comprising administering to a human patient a 
pharmaceutical composition, comprising: (a) a polynucleotide encoding a WT1 peptide, 
wherein the peptide comprises an immunogemc portion of a native WT1 or a variant thereof 
that differs in one or more substitutions, deletions, additions and/or insertions such that the 
ability of the variant to react with antigen-specific antibodies and/or T cell lines or clones is 
not substantially diminished; and (b)a pharmaceutical acceptable carrier or excipient. 
Within certain embodiments, the patient is afflicted with malignant mesothelioma. In other 
embodiments, the composition is administered prophylactically to a patient considered at risk 
for the development of malignant mesothelioma. The WT1 polynucleotide may, but need 
not, be present within a vaccine, which further comprises an immunostimulant, such as an 
adjuvant. 

Methods are further provided for inhibiting the development of malignant 
mesothelioma in a human patient, comprising administering to a human patient a pharma- 
ceutical composition, comprising: (a) an antibody or antigen-binding fragment thereof that 
specifically binds to WTlrand (b) a pharmaceutical^ acceptable carrier or excipient. Within 
certain embodiments, the patient is afflicted with malignant mesothelioma. In other 
embodiments, the composition is administered prophylactically to a patient considered at risk 
for the development of malignant mesothelioma. 

Within further aspects, methods are provided for inhibiting the development of 
malignant mesothelioma in a human patient, comprising administering to a human patient a 
pharmaceutical composition, comprising: (a) a T cell that specifically reacts with WT1; and 
(b) a pharmaceutical^ acceptable carrier or excipient. Within certain embodiments, the 
patient is afflicted with malignant mesothelioma. In other embodiments, the composition is 
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peptide; oar (iii) an antigda-jHesenfing cell that expresses a WTI peptide; such that the T cells 
proliferate; (b) cloning one or more cells that proliferated in the presence of WTI peptide; 
and (c) administering to the patient an effective amount of the cloned T cells. 

Within other aspects* the present invention provides method for determining the 
presence or absence of malignant mesothelioma in a patient, comprising the steps of: 
(a) incubating GD4 4 and/or CDS* T cells isolated from a patient with one or more of: (i) a 
WTI peptide;-(ii)a polynucleotide encoding a WTI peptide; or (iii) an antigen-presenting 
cell that expresses a WTI peptide; and (b) detecting the presence or absence of specific 
activation of the T cells. The step of detecting may comprise, Tot example, detecting the 
presence or absence of proliferation of the T cells or the generation of cytolytic activity. 

The present invention further provides methods for determining the presence or 
absence of malignant mesothelioma in a patient, comprising the steps of: (a) incubating a 
biological sample obtained from a patient with one or more of: (Q a WTI peptide; (ii) a 
polynucleotide encoding a WTI peptide; or (iii) an antigen-presenting cell that expresses a 
WTI peptide; wherein the incubation is performed under conditions and for a time sufficient 
to allow immunocomplexes to form; and (b) detecting immunocomplexes formed between 
the WTI peptide and antibodies in the biological sample that specifically bind to the WTI 
peptide. The step of detecting, may comprise, for example, (a) incubating the 
immunocomplexes with a detection reagent that is capable of binding to the immuno- 
complexes, wherein the detection reagent comprises a reporter group, (b) removing unbound 
detection reagent, and (c) detecting the presence or absence of the reporter group. 
- Methods are further^ovided/ within other aspects, for monitoring ^ 
of ah immunization or therapy for malignant mesothelioma in a patient, comprising the steps 
of: (a) incubating a first biological sample with one or more of: (i) a WTI peptide; (ii) a 
polynucleotide encoding a WTI peptide; or (iii) an antigen-presenting cell that expresses a 
WTI peptide, wherein the first biological sample is obtained from a patient prior to a therapy 
or immunization, and wherein the incubation is performed under conditions and for a time 
sufficient to allow immunocomplexes to form; (b) detecting immunocomplexes formed 
between the WTI peptide and antibodies in the biological sample that specifically bind to the 
WTI peptide; (c) repeating steps (a) and (b) using a second biological sample obtained from 
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"Inhibition" requires a "reproducible,** Le* 9 consistently observed, inhibition in one or 
more of the foregoing parameters. A "significant inhibition'' is a reproducible or consistently 
observed significant inhibition in one or more of the foregoing parameters, such as a 
reproducible inhibition of at least about 50%, about 55%, about 60%, about 65%, about 70%, 
5 about 75%, about 80%, or about 85% in comparison to control levels, t e., in the absence of 
the WT1 therapeutic composition* Although not required to practice the invention, inhibition 
levels of at least about 90%, about 92%, about 94%, about 96%, or even about 98% or higher 
are by no means excluded. 

Execution of one or more of the therapeutic methods disclosed herein gives rise to 
10 effective therapies for preventing or treating malignant mesothelioma. These methods* 
which typically comprise providing to an animal or patient having, suspected of having, or at 
risk for developing malignant mesothelioma, an amount of at least a first WT1 peptide, 
antibody, antigen presenting cell, T cell, antigen binding fragment, or polynucleotide 
effective to inhibit malignant mesothelioma within cells of the animal or patient, thereby 
1 5 preventing or treating malignant mesothelioma. 

The foregoing "prophylactically and therapeutically effective amounts" are thus 
encompassed within the terms "biologically effective amounts** and "effective inhibitory 
. amounts'* of WT1 peptide, antibody, antigen presenting cell, T cell, antigen binding 
fragment, or polynucleotide compositions. All such "effective amounts'* are amounts of the 
20 disclosed WT1 compounds effective to produce some, and preferably some significant, 
benefit upon administration to an animal or patient The benefits include reducing 
- ^symptoms, severity and/or duration, as well as lessening the chance of transmission and other 
veterinary and clinical benefits. 

The routes of administration that may be used in the present invention are virtually 
25 limitless, so long as an effective amount of at least a first WT1 peptide, antibody^ antigen 
presenting cell, T cell, antigen binding fragment, or polynucleotide composition can be 
provided thereby. Exemplary means for therapeutic delivery of the disclosed compositions, 
including e.g., ingestion, inhalation, transdermal, parenteral administration, intranasal 
administration, subcutaneous injection, intravenous injection, continuous infusion, and the 
30 like are discussed in more detail hereinbelow. 
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The invention can thus be used to fbnn synergistic coinbinations with oth er therapies. aiid/6f' 
age*,, prteular,, tiose ntetbeds and agent «», previ^y failed ,„ achieve 
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P^^Tcen. an^b^g^ or po^ cl eotioe, a^ a, feast a secL 
anti-rne^heSoma orahti-cancer therapeutic agent may be administered to the aniraa) or 
P^sub^sin^^ 

^ph^p^ebtica, farafc Alternative* the „ leaa . fa ^ ^ 
antibody, antigen present cefi, T antigen binding or p„.y»uc,eotide, and a,' 

(east a second anti-ntesolhelioma or anti-cancer therapeutic a^ent may be administered to the 
animal orpatient sequentially, such as on alternate days. 

^ - ^« a nbc* mM Hs,fte invention provides , range of therapei* Uts. Certain 

* "** * * Wa firs, W peptide, antibody, 

^ ^~rc*.l. Tee* antigen^ 

*^"^™a,a^i„part^^^ ^ 
be cabined vAh effective amoums of a, leas, on. diagnostic agent tha, detects a WI1 
polypeptide or antibody, o, a, leas, due diagnostic agent Ha, detec* a ^ cell; or 
^^*effeetivean„un,o,a,,e^ 
-> anti-Wlpolyr^de therapeutic agent. 

Certain «her therapeutic kSs and uses of the compositions disclosed herein, may 
comprise an effective amount of a, leas, a firs, Wn peptide, antibody, antigen presenting 
cell, T cell, antigen binding fragment, or polynucleotide and an effective amount of a, leas, 
one d„gnos«c agent that detects detects a mesothelioma cell; or an effective am™, of a, 
■eas, one, tivo, tinee, four or any numb., of ofter anti-cancer, anti-mesothehoma or anti-WT. 
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polypeptide therapeutic agents. Instructions may also be combined with these kits. Other 
biological agents or components may be included, such as those for making and using the 
drags. 

Exemplary diagnostic agents include molecular biological agents that detect at least a 
5 first WTl~encoding nucleic acid; at least a first WT1 peptide or polypeptide, at least a first 
antibody that detects at least a first WT1 protein or peptide; and at least a first WF1 protein 
or peptide that detects at least a first antibody that binds to a WT1 protein or peptide. The 
range of additional therapeutic agents will be known those of ordinary skill in the aft in light 
of the present disclosure, as exemplified by those described herein. 

10 In such kits, the diagnostic agents are preferably disposed within a distinct container 

of the kit. The combined therapeutic agents, however, may be combined withm a single 
container of the kit, e., in the same composition as the WT1 composition, such as in a 
"cocktail" or admixture. They may alternatively be maintained separately from the WT1 
compound, in a distinct container. 

15 The invention thus provides combination therapeutics comprising, in any 

pharmaceutically acceptable form, a therapeutically effective amount of a WT1 compound in 
combination with a therapeutically effective amount of at least a second anti-WTl, anti- 
mesothelioma or anti-cancer therapeutic agent Also provided are compositions for use in the 
manufacture of a medicament or medicinal cocktail, that comprise, in any phannaceutically 

20 acceptable form, a therapeutically effective amount of at least a first WT1 composition. 
Moreover, the invention provides compositions for use in the manufacture of a medicament 
or medicinal cocktail that comprise, in any phannaceutically aeceptableTorm, a first WT1 
composition and a plurality of distinct anti-WTl, anti-mesothelioma or anti-cancer 
therapeutic agents. Combined uses and medicaments in which a WT1 compound is one 

25 component of a therapeutic approach are also encompassed within the present invention. 

These and other aspects of the present invention will become apparent upon reference 
to the following detailed description and attached drawings. All references disclosed herein 
are hereby incorporated by reference in their entirety as if each was incorporated 
individually. 

30 
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3. Brief Description of the Drawings 
The invention may be understood^ 

conmncuon with the accompanying drawings, in which like reference numerals identify like 

elements, and in which; 

5 FIG. 1 depicts a comparison of the mouse (MO) (SEQ ID NO:320) and human (HIT, 

(SEQlDNO:3,9) WT1 peptide sequences; 

FIG. 2 depicts a histogram presenting the results of an EUSA assay to detect WTJ- 
specfic antibodies in malignant mesothelioma patients. WT180 and WTC1 9 as indicated 
representpositivecontrols. W^n^^^^^,,^^ 
"-^^esobtame^ 

FIG. 3A, FIG. 3B an d FIG. 3C depict graphs ilfustrating the stimulate of 
prohferative T cell responses in mice immunized, with representative Wfl peptides 
Thyrmdme incorporation assays were performed using one T cell line and two different 
^-Mfc^-rf^^e^^^ controls indicated on the X-axis 
were no antigen (No Ag) and B6/media; antigens used were p^22 human (pi), pl,7-,39 
(p2) or P 244-262 human (p3). 

FIG. 4A and FIG. 4B show histograms illustrating the stimulation of proliferative T 
ceD responses in mice immunized with representative WT1 peptides. Three weeks after the 
thud nnmunization, spleen cells of mice mat had been inoculated with Vaccine A or Vaccine 
B were cultured with medium alone (medium) or spleen cells and medium (B67no antigen) ^ 
B6 spleen cells pulsed with the peptides p6-22 (p6), pll 7 -139 (pllT), P 244-262 (p244) 
(Vaccine A; FIG. 4A) or P 287-30, (p287), P 299-31 3 0,299), p421-435 (p421) (Vaccine B; 
FIG..4B) and spleen cells pulsed with an irrelevant control peptide (irrelevant peptide) at 
25 ug/ml and were assayed after 96hr for proliferation by (^ thymidine incorporation. 
Bars represent the stimulation index (SI), which is calculated as the mean of the experimental 
wells divided by the mean of the control (B6 spleen cells with no antigen); 

FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D are histograms illustrating the generation 
of proliferative T-cell lines and clones specific for P , ,7-139 and p6-22. Following in vr*> 
.mmunrzation, the initial three in vitro stimulations (TVS) were carried out using all three 
pepudes of Vaccine A or B, respectively. Subsequent IVS were carried out as single peptide 
simulations using only the two relevant peptides pi ,7-139 and P 6-22. CJones were derived 
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from both the p&22 and pi 17-139 specific T cell Hues, as incficated^ T cells were cultured 
with medium alone (medium) or spleen cells and medium (B6/no antigen^ B6 spleen cells 
pulsed with the peptides p6-22 (p6), pi 17-139 (pi 17) dr an iirdevant control peptide 
(irrelevant peptide) at 25 fig/ml and were assayed after 96 hr for proliferation by ( 3 H) 
5 thymidine incorporation. Bars represent the stimulation index (SI), which is calculated as the 
mean of the experimental wells divided by the mean of the control (B6 spleen cells with no 
antigen); - 

FIG, 6A and FIG. 6B are graphs illustrating the elicdtation of WTl peptide-specific 
CTL in mice immunized with WTl peptides. FIG^ 6A illustrates the lysis of target cells by 

10 allogeneic cell lines and FIG. 6B shows the lysis of peptide coated cell lines. In each case; 
the % lysis (as determined by standard chromium release assays) is shown at three indicated 
effectontarget ratios. Results are provided for lymphoma cells (LSTRA and El OX as well as 
E10 + p235-243 (E10+P235). E10 cells are also referred to herein as EL-4 cells; 

FIG. 7A, FIG. 7B ? FIG- 7C, and FIG, 7D are graphs illustrating the elicitation of 

15 WTl specific CTL, which kill WTl positive tumor cell lines but do not kill WTl negative 
cell lines, following vaccination of B6 mice with WTl peptide P117. FIG. 7A illustrates 
that T-cells of non-immunized B6 mice do not kill WTl positive tumor cell lines. FIG. 7B 
illustrates the lysis of the target cells by allogeneic cell lines. FIG. 7C and FIG. 7D 
demonstrate the lysis of WTl positive tumor cell lines, as compared to WTl negative cell 

20 lines in two different studies. In addition, FIG. 7C and FIG. 7D show the lysis of peptide 
coated cell lines (WTl negative cell line E10 coated with the relevant WTl peptide PUT). 
In each case, the % lysis (as determined by standard chromium release assays) is shown at 
three indicated effectortarget ratios. Results are provided for lymphoma cells (El 0), prostate 
cancer cells (TRAMP-C), a transformed fibroblast cell line (BLK-SV40), as well as 

25 E10+pll7; 

FIG. 8A and FIG. 8B are histograms illustrating the ability of representative peptide 
PI 17-139 specific CTL to iyse WTl positive tumor cells. Three weeks after the third 
immunization, spleen cells of mice that had been inoculated with the peptides p235-243 or 
pi 17- 139 were stimulated in vitro with the relevant peptide and tested for ability to lyse 
30 targets incubated with WTl peptides as well as WTl positive and negative tumor cells. The 
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*- "preset the ^ % ^ ^ „ ^ ^ fc 

wft »fiT ran. of 25;,. WG . 8A Aovre ^ ^ ^ p215 . MJ 

I-*.^* TO negative cell line EL-4.(EL-4, WTI ^.W^ 
-he refevan, (nsed for ilmiunj2a|im aj ^ ^ fc ^ 

(EL-4-lp235); EL-4 pulsed with the irrelevant peptides pi 17-139. (EL4+pl 17), p!26-134 
(BU4 +P 120 „ t ,,30-138 <H.-4*p,30) and the W, positive toor cells BLK-SV40 
mm WT. posmve)and TRAMP-C CTRAMP-C, WT, positive^ as indicated. FIG. 

Levant peph* P„7-,39 ,BM,„„ and SW pn,sed wift the irrelevant 
30 pep.desplB.,3, (EL-4^,23), o,p,2 8 -.36 (EM + pl2 8 ); BLK-SV40 and TRAMP-C as 

indicated; * 

FIG. 9A and JIG. 9B are histograms ilhsh«in g: Ore specificity of WTI 

posrSve ^nor cefe as d_tea * cold t»ge, inmbftioa Tne L,'^ ^ 

G ' ' A "* Cy, ° tofc .«* PI 17-139 specific T Cell line , gains, fte WTI 

negative <* hne EL-4 (EL-4, WTI negative* the WTI positive tamo, eel, line TRAMP-C 
<TOAMP-C. WTI positive); TRAMP-C cells incnbated »iU, a ten-ibH excess (compared to 

% * *** ^ '*» •? P=P«de p„7- I 39 (TRAMP-C * pl,7 

cold; target) without 5, Cr labeling and TRAMP r - . . \, . , 
m . ■■ 8 ™° 1KAMt> C cells incubated with ElM pulsed with an 

5 * ows ihecyiotoxic activity of the p, I7-139 specific T cell line against the. WTI 
negative cell line EL-4 (EL-4, WTI negate* the WTI posWve too, cell line BLK-SV40 
(BLK-SV40, WTI pCsMve); BLK-SV40 cells incnbated vAh the relevant cold t^gc, 
(BLK-SV40 + p„7 c„ M largel) ^ BLK . SV4 „ ^ ^ ^ ^ 

larget (BLK^V40 + irrelevant cold target), as indicated; 

F1C. 10A, p,G. „B, and FIG. IOC are histograms depiaing an evaluation of the 
nonapeptide CTL epitope wnhin p, , 7 ., 3 o. ^ pm _ m ^ ^ ^ ^ ^ 
•csted again,, pep, ides ^ aa , „_ m _ j 

hndmg moufand foxing res,irn u ,a,i„„ with p.26-,34 o, P ,30-I3 8 . Ue oarsrepresen, 
'he mean % specific lysis in chromium release assays performed in triplicate with an E:T 
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ratio of 25: h FIG. IDA shows the cytotoxic activity of the pi 17-139 specific t cell line 
agaiiistthe WT1 negative cell line EL-4 (EL-4, WT1 negative) and EL-4 cells pulsed with 
the peptides pi 17-139 (EL 4 + pi 17), pi 19-127 (ELA + p!19), p!20-128 (EL-4 + pl20), 
p!23-131 (EL-4 + p!23), p!26-134 (EL-4 + pl26), pl28-136 (EL-4 + pl28), and p!30-138 
(EL-4 + pi 30). FIG. JOB shows the cytotoxic activity of the CTL line after restimulation 
with pl2fc!34 against the WT1 negative cell line EL-4, EL-4 cells pulsed with p!17-139 
(EU4 + pll7), p»26<134 (EI>4 + p!26) and the WT1 positive tumor cell line TRAMP-C; 
and FIG. 10C shows the cytotoxic activity of the CTL line after restimulation with pI3(M38 
against EL-4, EL-4 cells pulsed with pi 17-139 (EL-4 + pll7), p!30-138 (EL-4 + pi 30) and 
the WT1 positive tumor cell lme TRAMP-C 

4. Description of Iixvstrative Embodiments 

In order that the invention herein described may be more fully understood, the 
following description of various illustrative embodiments is set forth. 

The present invention is generally directed to compositions and methods for the 
immunotherapy and diagnosis of WT I -associated diseases, such as malignant mesothelioma. 
In particular WT1 expression, and immune responses to WT1 (e.g., the presence of WT1 
specific antibodies in patient sera), mary be used as markers to identify patients with malig- 
nant mesothelioma and other WT1 associated malignancies (such as leukemia (e.g., acute 
myeloid leukemia (AML), chronic myeloid leukemia (CML), acute lymphocytic leukemia 
(ALL) and childhood ALL), Myelodysplasia syndromes, myeloproliferative syndroines, 
prostate cancer, lung icancer, breast cancer, thyroid cancer, gastrointestinal cancer, kidney 
cancer, liver cancer, ovarian cancer, testicular cancer and melanoma). Such diagnostic 
methods (&&, in high throughput assay format) may be used for early diagnosis of cancer, 
and permit screening of healthy individuals who have or might have been exposed to 
asbestos. Patients found to be afflicted with such malignancies may benefit from the WT1- 
based vaccine or T-cell therapeutic methods provided herein. 

The compositions described herein generally comprise WT1 peptides, WT1 
polynucleotides, antigen-presenting cells (APC; e.g., dendritic cells) that express a WT1 
peptide, agents such as antibodies that specifically bind to a WT1 polypeptides and WTl- 
derived peptides; and/or immune system cells {e.g., T cells) specific for WT1 . WT1 peptides 



WO0J/«920 



PCT/DS01/057ft2 



22 



20 



25 



30 



orpolweplideasprovidedherem. ' 

0 

•'J wti rmwes 

WM. c„ nte , „ fc ^ ^ 
T"""* of P ,„ about — ^ ^ 

szr n • seq ro Na316 * seq id — - -» * *«£ * 

ZZZl, " ^ 1I>N0:3,, ' SEQIDN0313 - S ^«>^H S EQ n > N 0„ 6t 
SEQ iO ^ ^ SEQ H> N<» 21 » SEQ U> NO :3 26 . „ other ^ \ ^ ^ . 

™, be . ^ ^ of a ^ ^ ^ ^ ^ ^ 

as ,„ ,W B . „ „ ^ ^ larger o„ E „ TOlid es ( te „ 

^ — of a^ Md ^ ^ ^ ftr ^ 2j « 

so - acd resite)> „ fonh ^ (o ^ ^ ^ ^ ^ ^ a 



WO 0J762920 



PCTAJS01/D5702 



23 

significantly larger number of amino acid residues^ such as for example, about 5 to about 90 
or 100 or so amino acid residues, as well as all peptides of intermediate sizes. 

Within certain emtodiments, the use of WT1 peptides that contain a snail number of 
consecutive amino acid residues of a native WT1 peptide is preferred. Such peptides are 
5 preferred for certain uses in which the generation of a T cell response is desired. For 
example^ such a WT1 peptide preferably contain at least 9, or at least about 10, 11, 12, 13, 
14, or 15 6r more consecutive amino add residues of the native WT1 polypeptide. 
Nonameric peptides (9-mers, or those comprising at least nine consecutive amino acid 
residues of a native WT1 polypeptide) are particularly contemplated to be useful in the 
10 methods disclosed herein. Additional sequences derived from the native Protein A and/or 
- heterologous sequences may be present within any WT1 peptide, and such sequences may 
(but need not) possess further immunogenic or antigenic properties. Peptides as provided 
herein may further be associated (covalently or noncovalently) with other peptide or non- 
peptide compounds. 

15 An "immunogenic portion," as used herein is a portion of a peptide that is recognized 

specifically bound) by a B-cell and/or T-cell surface antigen receptor. Certain preferred 
immunogenic portions bind to an MHC class I or class II molecule. As used herein, an 
immunogenic portion is said to <c bind to** an MHC class I or class D molecule if such binding 
is detectable using any assay known in the art. For example, the ability of a peptide to bind 

20 to MHC class I may be evaluated indirectly by monitoring the ability to promote 
incoiporation of m l labeled ^-microglobulin 02m) into MHC class I/|J2m/peptide 
heterotrirneric complexes (Parker al; 1994). Alternatively, functional peptide competition 
assays that are known in the art may be employed. Certain immunogenic portions have one 
or more of the sequences recited within one or more of Tables 2-14. 

25 Exemplary immunogenic peptides of the present invention include, but are not 

Bruited to, those disclosed in the Examples illustrated in Table 2 through Table 49, and 
particularly, peptides that comprise at least a first amino acid sequence as defined in any one 
of SEQ ID NO:l to SEQ ID NO:4, SEQ ID NO:13 to SEQ ID NO;20, SEQ ID NO:28 to 
SEQ ID NO:31 1, SEQ ID NO:313, SEQ ID N0314, SEQ ID NO:316 to SEQ ID NO:318, 

30 and SEQ ID NO:321 to SEQ ID NO:326. 
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a, lea,, ^ te ^ „ , 

;5 particularly such sequences as disclosed in » nv r . 

«^v,. osed ,n one of the followine- 

^ALU-AVPSLGOeO _ ^, residues 6-22; SEQ „> 

NO* and SEQ ID 1^6:3, respectively), GATlKOVAAGjSSSVKWTE (human In 

residues 244-262; SEQ ID NO-4) GATlK-nvA a a. „~ 
in • v ^ r*\j.t), OAJLKGVAA (human WTl residues 244-252- SEO ID 

SEQ © NO m safi . QWl (mome M ^ ^ 

no.,^ scusqpa,^ wn^^ mmmmi ^ my ^ 

(human and mouse W1 22„„ : SEp ro ^ J g ^ ^ 

ALL1 , AVSSL (mome W1 ^ - : 

NO:293, respectively). V 

Further irrnnunogenic ^ ^ ^ ^ ^ 

i ■f*" to "^»" k epi,<> ^ «- •** binding mo^include, for 

ex ample, screening peptides for Hie ability to react with antigen-specific anlisera and/or T- 
cel, hues « Cones. An immunogenic portion of a native W1 peptide is a poriontha, 
reacts ^ ^ ^ ^ ^ at a ^ ^ , s ^ ^ ^ , 

"7"*" ,1, * Wn ^."-^A^orT-ceareacuvnyassayX ktfer 
words, a. oogenic ^ „„, ^ ^ ^ ^ ^ , ^ ^ fe ^ ^ 

' greater than the reactivity of the fclMength pCypepUde. Such screen may general^ be 
Panned using memo* well toown to thK e of ordina* s*., i„ ^ art (Harlow and lane, 

Alternatively, immunogenic portions may be identified using computer analysis, such 
as the Tsttes program (Rothbard and Taylor, ,o, 8; ^ „ „, ^ ^ 

pep-.de motifs tba, have ,he potential to elici, Tn responses. Cn. peptides with moufs 
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appropriate for binding to murine and human class I or class II MHC may be identified 
acceding to BIMAS (Paricer et at, 1994) and other HLA peptide binding prediction 
analyses. To confirm immunogenicity, a peptide Jiiay be tested using an HLA A2 transgenic 
mouse model and/or an in vitro stimulation assay using dendritic cells, fibroblasts or 
5 peripheral blood cells. 

As noted above, the peptides of the present invention may comprise one or more. 
7 : variants of the amino acid sequences as disclosed herein. A peptide * Variant/* as used herein, 
is a peptide that differs firoin a particular primary amino acid sequence in one or more 
substitutions, deletions, additions and/or insertions, such that the immunogenicity of the 
10 pejtide is^ substantially retained the ability of the variant to react with Mtig^^cific 
antisera - and/or T-cell lines or clones is not substantially diminished relative to the native 
peptide). In other words, the ability of a variant to react with antigen-specific antisera and/or 
T-cell lines or clones may be enhanced or unchanged, relative to the peptide from which the 
variant was derived. 

1 5 Preferably, the biological activity of a peptide variant will not be diminished by more 

than 1%, and preferably still will not be diminished by more than 2%, relative to the 
biological activity of the unmodified peptide. More preferably, the biological activity of a 
peptide variant will not be diminished by more than 3%, and more preferably still will not be 
diminished by more than 4%, 5%, 6%, 7%, 8%, or; 9%, relative to the biological activity of 

20 the unmodified peptide. More preferably still, the biological activity of a peptide variant will 
not be diminished by more than 10%, and more preferably still, will not be diminished by 
^T^ ihm U% y 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, or 20% relative to the 
biological activity of the correseponding unmodified peptide. 

Based upon % sequence homology, preferred peptide variant of the present invention 

25 include those peptides that are from 9 to about 1 00 amino acids in length, and that comprise 
at least a first sequence region that is at least 75% identical to at least one of the amino acid 
sequences dislosed in any one of SEQ ID NO:l to SEQ ID NO:4, SEQ ID*iO:13 to SEQ ID 
NO50, SEQ ID NO:28 to SEQ ID N031 1, SEQ ID NO:313, SEQ ED N0314, SEQ ID 
NO:316 to SEQ ID NO:31 8, and SEQ ID NO:321 to SEQ ID NO:326, and more preferably 

30 those that comprise at least a first sequence region that is at least 80% identical to at least one 
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of d* -no acid se„„e»c« distosed in an, OM ofSEQIDNO-.l toSEQ ID N04, SEQJD 

m.3 ,„ sE Q1D N ft2ft seq^^^,,, 

WMH fflQ ID NOdM to SEQ ID N0318, and SEQ ID NO:32I to SEQ ID NCM26 
• .hose pepddes tha, co^n* at ^ . fc, ^ ^ _ „ „ ^ ^ 

JiRrinVw' ^ one of ihe amino acid sequences disiosed in any one of SEQ ID-NO:l to 
•SEQ «> NO.4, SEQ ,D NO:,., to SEQ ,D N,«o, SKQ ,0X0:2, to SKQ ID Na3l , _ 

^^NoT ,0 a ' " - ~ W~ of 

1 IDN0313 ' NC:,M - *> SEQIDNO:3i8, al 

10 N0:B ' i0 "* "> ~ - P-ienxd ^ varia^s of 

9 94-/, « 0 5%idMicaI to a, leas, „ne of te amino ac id ^ distosed in an, 
S rm^ IDN ° : ' ,OSEQIDNO:4 - "SEQ^CSEQIDNOSSto 
^ ' 10 to3 ' 3 ' ?EQ ' D HM *™» n>NO:3,6 to SEQ K. N03,,, 
and SEQ ID NO^, to SEQ ID NO:326, wnh ftose ^des comprise a, leas, a M 

T" ^ " ,8,fe »*> »* « »* to a, a^ 

SEO^r ^ "* ° f ID NO:1 '° SEQ m NO *- SE <3 ™ NO'" to 

SoZn 1C Nft2S '° NMn - «* »> NO:3,3, SEQ ID NOSH, 

SEQ© NO-J16 to SEQ ffi NO:31 8 , and SEQ ID NO=321 to SEQ ID NCM26 

Such peoHde van mls „ be ■a.Uu ^. , ^ 
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ID NOa ii, SEQ ID N0313, SEQ ID NO:314, SEQ ID N0316 to SEQ ID NO:31^ and 
SEQ IDN0321 tb SEQ IDM):326 by one or more conservative amino acid substitutions. 

It has been found, within the context of the present invention, that a relatively small 
number of conservative or neutral substitutions (eg., 1 or 2) may be made within the 
5 sequence of the nonameric peptide epitopes disclosed herein, without substantially altering 
the biological activity of the peptide. In some eases., the substitution of one. or more amino 
acidsi in a particular peptide may w fad serve to enhance or otherwise impjove the ability of 
toe. peptide to elicit an immune or T-cell response in an animal that has been provided with a 
composition that comprises the modified peptide, or a polynucleotide that encodes the 

10 peptide. Suitable substitutions may generally be identified by using computer programs; as 
described hereinbelow, and the effect of such substitutions may be confirmed based on the 
reactivity of the modified peptide with antisera and/or T-cells as described herein. 
Accordingly, within certain preferred embodiments, a WT1 peptide for use in the disclosed 
diagnostic and therapeutic methods may comprise a primary, amino acid sequence in which 

15 one or more amino acid residues are substituted by one or more replacement amino acids, 
such that the ability of the modified peptide to react with antigen- specific antisera and/or T- 
ctli lines or clones is not significantly less than that for the unmodified peptide. Exemplary 
such substitutions may preferably be located within one or more MHC binding sites on the 
peptide. 

20 As described above, preferred peptide variants are those that contain one or more 

conservative substitutions. A "conservative substitution" is one in which an amino acid is 
substituted for another amino acid that has? similar properties, such that one skilled in the art 
of peptide chemistry would expect the secondary structure and hydropathic nature of the 
peptide to be substantially unchanged. Amino acid substitutions may generally be made on 

25 the basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity and/or 
the amphipathic nature of the residues. For example, negatively charged amino acids include 
aspartic add and glutamic acid; positively charged amino acids include lysine and arginine; 
and amino acids with uncharged polar head groups having similar hydrophilicity values 
include leucine, isoleucine and valine; glycine and alanine; asparagine and glut amine; and 

30 serine, threonine, phenylalanine and tyrosine. Examples of amino acid substitutions that 
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* •• . . ^"e, Leu, Met, Ala, or Phe residues with one 

-> . or more residues from the <»mf> i 

. irom the same group, (4) replacement of one or more Lys, Arg, or His 
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second-generation molecules, the amino acid changes may be achieved by changing one or 
more of the codons of the encoding DNA ^ seqtieice^ According to Table L 

For example, certain amino acids may be substituted for other amino acids in a protein 
structure without appreciable loss of interactive binding capacity with structures such as, for 
example, antigen-binding regions of antibodies or binding sites on substrate molecules. Since it 
is the interactive capacity and nature of a protein that defines that protein's biological functional 
activity, certain amino acid sequence substitutions caa be made in a protein sequence, and, of 
course, its underlying DNA coding sequence, and nevertheless obtain a protein with like 
properties. It is thus contemplated by the inventors that various changes may be made in the 
peptide sequences of the disclosed compositions, or corresponding DNA sequences which 
encode said peptides without appreciable loss of their biologicalutility or activity. 
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Amino Acids 



Table l 



Alanine 
Cysteine 
Asparticacid 
Glutamic acid 
Pneflylalanine 
. Glycine 
Mistidine 
. Isoleucirie 
Lysine 
Leucine 
Methionine 
Asparagihe 
Proline 
Glutamine 
ArgMne 
Serine 
Threonine 
Valine , 
Tryptophan 
Tyrosine 



Ala 

Cys 

Asp 

Gru 

Phe 

Gryl 

His 

lie 

Lys 

Leu 

Met 

Asn 

Pro 

Gin 

Arg 

Ser . 

m 

Val 
Tip 
Tyr 



A 

C 
D 
E 
F 

" G 
H 
I 

K 

L 

M 

N 

P 

Q 

R 
S ; 
T 
V 
W 
Y 



GCA 
UGC 
GAC 
GAA 
UUC 
GGA 
CAC 
AUA 
AAA 
UUA 
AUG 
AAC 
CCA 
CAA 
AGA 
AGC 
ACA 
GUA 
UGG 
UAC 



GCC 

UGU 

GAU 

GAG 

UUU 

GGC 

CAU 

AUC 

AAG 

UUG 



Codons 

GCG GCU 



GGG GGU 



AUU 



CUA CUC CUG CUU 



AAU 

CCC CCG CCU 
CAG 

AGG CGA CGC CGG CGU 

AGU UCA UCC UCG UCU 

ACC ACG ACU 

GUC GUG GUU 

UAU 



,nm ^suchch^e^^ ne 
-portanceofthehydropatluc^oaddindex^ 

V*- » generally Understood in the art (Kyte and Doolhtle, , 982 , ^corporate herein by 

the secondary suture of the resultant protei*, which in turn defines the interaction of the 
prote,n ^ other molecules, for example, enzymes, substrates, receptors, DNA, antibodies, 

the^hydrophobicity^^^ 
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(+4;5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cy stipe (+23); methionine 
(+L9); alanine (+1 .8); glycine (-04); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine 
(-13); proline (-1.6); histidine (-3.2); ghrtamate (-33); glutamine (-3.5); aspartate (-3.5); 
asparagine (-3.5); lysine (-3.9); and arginine (-43). 
5 It is known in the art that certain amino acids may be substituted by other amino acids 

having a similar hydropathic index or score and still result in a protein with similar biological 
activity, le. still obtain a biological functionally equivalent protein. In making such changes; 
the substitution of amino acids whose hydropathic indices are within +2 is preferred, those that 
are within ±1 are particularly preferred, and those within +0.5 are even more particularly 

10 preferred. It is also understood in the art that the substitudonofKke amino acids can be made 
effectively on the basis of hydrophilicity. U. S. Patent 4,554,101, incorporated herein % 
reference, states that the greatest local average hydrophilicity of a protein, as governed by the 
hydrophilicity of its adjacent amino acids, correlates with a biological property of the protein. 

As detailed in U. S. Patent 4,554,101, the foDowing hydrophilicity values have been 

1 5 assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 ±1); glutamate 
(+3.0 ± 1); serine (+03); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); 
proline (-0.5+1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-13); valine 
(-1.5); leucine (-1.8); isoleucine (-1 .8); tyrosine (-23); phenylalanine (-2.5); tryptophan (-3.4); 
It is. understood that , an amino acid .can be . substituted for* another having a similar 

20 hydrophilicity value and still obtain a biologically equivalent, and in particular, an 
immunologically equivalent protein. In such changes, the substitution of amino adds whose 
hydrophilicity values are within +2 is preferred, those that are within +1 are particularly 
preferred, and those within ±0.5 are even more particularly preferred. 

As outlined above, amino acid substitutions are generally therefore based on the relative 

25 similarity of the amino acid side-chain substituents, for example, their hydrophobicity, 
hydrophilicity, charge, size, and the like. Exemplary substitutions which take several of the 
foregoing characteristics into consideration are well known to those of skill in. the art and 
include: arginine and lysine; glutamate and aspartate; serine and threonine; glutamine and 
asparagine; and valine, leucine and isoleucine. 
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some or all of the coexisting materials in the natural system. Preferably, such peptides are at 
least about 80% or 85% pure, more preferably at least about 90% or 95% pure and most 
preferably at least about 96%, 97%, 98%, or 99% pure, A polynucleotide is considered to be 
isolated if, for example, it is cloned into a vector that is not a part of the natural environment 
5 Within farther aspects, the present invention provides mimetics of WT1 peptides. 

Such mimetics may comprise amino adds linked to one or more amino acid mimetics (ter, 
one or more amino acids within the WT1 protein may be replaced by an amino acid mimetic) 
or may be entirely nonpeptide mimetics. An amino acid mimetic is a compound that is 
conformationally similar to an amino acid such that it can be substituted for an amino acid 

10 within a WT1 peptide without substantially diminishing the ability to react with antigen- 
specific antisera and/or T cell lines or clones. A nonpeptide mimetic is a compound that does 
not contain amino acids, and that has an overall conformation that is similar to a WT1 
peptide such that the ability of the mimetic to react with WTI -specific antisera andfor T cell 
lines or clones is not substantially diminished relative to the ability of a WT1 peptide. Such 

15 mimetics may be designed: based on standard techniques (e.&, nuclear magnetic resonance 
and computational techniques) that evaluate the three dimensional structure of a peptide 
sequence. Mimetics may be designed where one or more of the side chain functionalities, of 
the WT1 peptide are replaced by groups that do not necessarily have the same size or 
^volume y r-but : have, similar ^ produce similar 

20 biological responses. It should be understood that, within embodiments described herein, a 
mimetic may be substituted for a WT1 peptide. 

Within other illustrative embodiments, a polypeptide may be a fusion polypeptide 
that comprises multiple polypeptides as described herein, or that comprises at least one 
polypeptide as described herein and an unrelated sequence, such as a known tumor protein. 

25 A fusion partner may, for example, assist in providing T helper epitopes (an immunological 
fusion partner), preferably T helper epitopes recognized by humans, or may assist in 
expressing the protein (an expression enhancer) at higher yields than the native recombinant 
protein. Certain preferred fusion partners are both immunological and expression enhancing 
fusion partners. Other fusion partners may be selected so as to increase the solubility of the 

30 polypeptide or to enable the polypeptide to be targeted to desired intracellular compartments, 
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S»ft furfcer teioj , p^ers Mude ^ 
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polypeptide, **«^«.^*« J l«*f4«^ fevels, relative „ . 

■M. expression system. Briefl)r>I)NA X(fmxts ^^ typ ^ ampmems ■ 

«er, to *, 5'-end of aZ>NA ^ encoding ft. ^ ^ ^ 

^-ead^gta.esof.hese^nce.abb.pW W,,^^^^ 
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A peptide tinker sequence may be employed to separate the :fiist tod, second 

secondary and tertiary snares, . ^ ^ fe ^ ^ fc 

«— Polypeptide using sttodard techniques weil kno™ in the art. SuitaUe peptide linker 
sequences may be chosen based on the Mowing facIOR; (1)lhei[abilh , „ ^ ^ 

«x.«ded conformation; <2)their inabilny * adopt a secondary stiuctoe that could interact 
^hfut^epi^ 

■ or charged residues fta, might react whh ft. polypeptide ^ ^ 

peptide tinker sequences contam Oly, Asn arxl Ser reside Oti^ near neutial amino acids, 

^ such as Thr and Ala may also be used in the linker sequence. Amino acid seo^s which 
may be usefully employed as tinkers include those disclosed „ Maratea «„i, 19,5; Murphy 

" * tt * N °- - «• & No. 4.75U SO. ». linker sequence 

nay genera,,,- be from 1 ,„ about l0 , *«, 20, about 30, about 40, or about 50 Or so min o 
»cds ,„ tengft. Unke, sequences are no. required when the firs, and second polypeptides 
have non^entia, N-termina. ammo acid regions «*, can be used to separate the fcnctiona, 
domains and prevent steric interference; 

The ligated DNA sequences are operably linked to suitable u^scriptional or 
translatrona, regu ,atory dements. The regulatory elements responsible for expression of 
™ ,0C3ted ° Dly 5 ' 10 the DNA ^-»ce encoding the first polypeptides. Similarly, 
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stop codons required to end translation and transcription termination signals are only present 
3* to the DNA sequence encoding the second polypeptide* 

The fusion polypeptide can comprise a polypeptide as described herein together with 
an unrelated immunogenic protein, such as an immunogenic protein capable of eliciting a 
5 recall - response. Examples of such proteins include tetanus, tuberculosis and hepatitis 
proteiiis (see, for example, Stoute et at , 1 997). 

In one preferred embodimeat; the immunological fusion partner is derived from a 
Mycobacterium sp., such as a Mycobacterium tuberculosis-derived Ral2 fragment Ral2 
compositions and methods for their use in enhancing the expression and/or immunogenicity . 

10 of heterologous ix>lynucle6tide^x>Iypeptide sequences is described in U. S. Patent 
Application 60/158,585, the disclosure of which is incorporated herein by reference in its 
entirety- Briefly, Ra]2 refers to a polynucleotide region that is a subsequence of a 
Mycobacterium tuberculosis MYB52A nucleic acid. MTB32A is a serine protease of 32 kDa 
molecular weight encoded by a gene in virulent and avirulent strains of M. tuberculosis. The 

15 nucleotide sequence and amino acid sequence of MTB32A have been described (see for 
example, U. S. Patent Application 60/158,585; and SkeBcy et al 9 1999, each incorporated 
herein by reference). C-terminal fragments of the MTB32A coding sequence express at high 
levels and remain as soluble polypeptides throughout the purification process. Moreover, 
/ ^ Ra l2 may enhance 4he - immunogenicity' of heterologous immunogenic polypeptides with - 

20 which it is fused. One L preferred Ral2 fusion polypeptide comprises a 14-kDa C-terminal 
fragment corresponding to amino acid residues 192 to 323 of MTB32A. Other preferred 
Ral2 polynucleotides generally comprise at least about 15 consecutive nucleotides, at least 
about- 30 nucleotides, at least about 60 nucleotides, at least about 100 nucleotides, at least 
about 200 nucleotides, or at least about 300 nucleotides that encode a portion of a Ral2 

25 polypeptide. Ral2 polynucleotides may comprise a native sequence (i.e., an endogenous 
sequence that encodes a Ral2 polypeptide or a portion thereof) or may comprise a variant of 
such a sequence. Ral2 polynucleotide variants may contain one or more substitutions, 
additions, deletions and/or insertions such that the biological activity of the encoded fusion 
polypeptide is not substantially diminished, relative to a fusion polypeptide comprising a 

30 native Ral2 polypeptide. Variants preferably exhibit at least about 70% identity, more 
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pre^ably at 1^ about 80% identity and most p„f era bly „ feast about- 90% identity to a 
polynucleotide sequence^ ^ 

^ 0thCr ****** *> illogical fusion partner is derived 

from Protem D> a surface protein of the granvnegative bacterium Haemophilus influenza B 
5 On.!: Pat. Appl. Pub,, No . WO 9J/18926). Preferably, a Protein D derivative comprises 
a^p^xnuatefy the ^ fist third of the protein the first germinal 100-1,0 amino acid,) 
andal^roteinDdenva^ernay^^^ 
I^duesofaLipoprote^ 

: * addM6nd eX ° genOUS T -« ^ and to increase the expnssion level in 

& (thOS ftDCti0nin8 " 30 «^ ^ The lipid tail ensures optimal 
presentanonofthe^toantigen^ent^ 

structural protein from influenzae virus, NS! (hcmaglufinin). Typically/^ N-terrninal 8, 
annuo acids are used,- although different fragments that include helper epitope* may be 

used. 

In another embodiment, the immunological fusion partner is the protein known as 
LYTA, or a portion thereof (preferably a C-termmal portion). LYTA is derived from 
Streptococcus pneumoniae, which synthesizes an N^cetyl-L-alanine atnidase kuown as 
anudase LYTA (encoded by the LytAgene). LYTA is an autolysin that specifically degrades 
certambondsmmep^dogry^ TheCWmaldomamofmeLYTAp^em 
respond for the affinity to the choline or to some choline analogues such as DEAE. This 
property has been exploited for me development of K coli C-LYTA expressing plasmids 
useful for expression of fusion protein, Purification of hybrid proteins containmg the C- 
fragment at the « Whlu. a prefer embodin^ent, 

a repeat portion of LYTA may be incorporated into a fusion polypeptide. A repeat portion is 
found m the C-termina, region starting at residue ,78. A particularly preferred repeat portion 
incorporates residues 188-305. 

Yet another illustrative embodiment involves fusion polypeptides, and the 
polynucleotides encoding them, wherein the fusion partner comprises a targeting signal 
capable of Seeing a polypeptide to the endosomai/lysosomal compartment, as described in 
U. S. Patent No. 5,633,234. An immunogenic polypeptide of the invention, when fused with 
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this targeting signal, will associate more efficiently with MHC class B molecules and thereby 
provide enhanced in vivo stimulation of CD4* T-cells specific for the polypeptide. 

43 Polynucleotide Compositions 
5 Any polynucleotide that encodes a WT1 peptide as described herein, or that is 

complementary to such a polynucleotide, is a WT1 polynucleotide encompassed by the 
present invention. Such polynucleotides may be single-stranded (coding or antisense) or 
^double-stranded, and may be DNA (genomic, cDNA or synthetic) or KNA molecules. Addi- 
tional coding or non-coding sequences may, but need not* be present within a polynucleotide 

10 of the present invention, and a polynucleotide may, but need not* be linked to other 
molecules and/or support materials. 

WT1 polynucleotides may encode a native WT1 protein, or may encode a variant of 
WT1 as described herein. Polynucleotide variants may contain one or more substitutions, 
additions, deletions and/or insertions such that the immunogeiricity of the encoded peptide is 

15 not diminished, relative to a native WT1 protein. The effect on the inraiunogenicity of the 
encoded peptide may generally be assessed as described herein. Preferred peptide variants 
contain amino acid substitutions, deletions, insertions and/or additions at no more than about 
20%, more preferably at no more than about 15%, and more preferably still, at no more than 

- - about: 10% or 5% or. less. of .the amino acid positions relative. ta^- corresponding Jnative. 

20 unmodified WT1 sequence. 

Likewise, polynucleotides encoding such peptide variants should preferably contain 
nucleotide substitutions, deletions, insertions and/or additions at no more than about 20%; 
morepreferably at no more than about 1 5%, and more preferably still, at no more thai about 
10% or 5% or less of the nucleotide positions relative to the corresponding polynucleotide 

25 sequence that encodes the native unmodified WT1 peptide sequence. Certain polynucleotide 
variants, of course, may be substantially homologous to, or substantially identical to the 
corresponding region of the nucleotide sequence encoding an unmodified peptide. Such 
polynucleotide variants are capable of hybridizing to a naturally occurring DNA sequence 
encoding a WT1 peptide (or a complementary sequence) under, moderately stringent, to 

30 highly stringent, to very highly stringent conditions. 
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f ******** ,o " meota w«^^ rfs< 2 

*out 50^ to about #c in 5X SSC overnight; flowed „ ^ ^ „ ^ ^ 
lugbiy ^.conditions taw, p^^ fa , xtaim abou ^ ^ o 

/0*C m 5X SSC overnight- followed by washing tw/ice at about 65 16 70°C for 20 mm. with 

each of 2X, 0JX and 0.2X SSC containing o 1% <jn<;\ © - 

^ wniamingu.i/oSDS). Representative examples of very 

htgh* stringent cottons ma, i»cmde, for ^ „ . ^ 

about VOX to about 75X in 5XSSC overnight; followed by waging twice at about 
WO,6abo«75X-for20m iaMlh e»c h of2X,0.5X« o ,,0. 2 X SS Cc„^„ g0 ., %SDS) . 
Such hybridizing DNA sequences are also within the scope of tlus invention^ 
■ I. will be appreciated by Hose ofordinay « h;4 „ art ^ „ . ^ rf ^ 

<*S»eracy of the genetic code, there » «^ nucleotide sequences tha, e^ode a WT1 
pept.de. ta**.,,*^^^^^^^ 

of any native gene. Nonethefcss, porynucleoMes that vaty due ,„ differ in codon usage 
are specifically contemplated by the pes™, imnijM. 

Once an- immunogenic portion -of Wri is . identified, as described above, a- TVT1 
polynucteonde may be prepay .sing ^ „f . variely of For , ^ 

*o«en=e-specific primers ma, be designed based on me sequence of the immunogenic 

portion and may be purchased or synthesized. 

For cample, suitable primers for PCR™ ampli6cati„„ of a human Wtl gene 

mclude: fa, step - P, l8: ,43.-141* 5'-GAGAGTCAGACTTGAAAGCAGT-3' (SEQ ID 
MW> and P135: 5'-CTGAGCCTCAGCAAATGGGC-3' .(SEQ ID NO:6); second step - 
f '3o: 5'-GAGCATGCATGGGCrCCGACGTGCGGG-3' (SEQ ID NOT) and P137- 
5-GGGGTACCCACTGAACGGTCCCCGA-3' (SEQ ID NO:8). Primers f„, PCR.™ ampli- 
fcafon of a mouse WT1 gene include: fust step - P138: 5'.TCCGAGCCGCACCTCATG-3- 
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(SEQ H) NO:9) and PI 39: 5 -GCCTGGGATCGTGGACTG-3' (SEQ ID NOrlO), second step 
- P140: 5*-GAGCATGCGATGGGTTCCGACGTGCGG-3* (SEQ ID Nail) and P141: 
S-GGGGTACCTCAAAGCGCCACGit^AGTTT^ 1 (SEQ ID NO: 12); 

An amplified portion may then be used to isolate a full-length gene from a human 
5 genomic DNA library or from a suitable cDNA library, using well-known techniques. 
Alternatively, a full-length gene can be constructed from multiple PGR™ fragments. WT1 
polynucleotides may also be prepared by synthesizing oligonucleotide components, and 
ligating components together to generate the complete polynucleotide. 

WT1 polynucleotides may also be synthesized by any method known in the art, 

10 including chemical synthesis (e.& 9 solid phase phosphoramidite chetmcal- synthesis). 
Modifications in a polynucleotide sequence may also be introduced using standard 
mutagenesis techniques, such as oligonucleotide-directed site-specific mutagenesis (Adehnan 
et aL, 1983). Alternatively, RNA molecules may be generated by in vitro or in vivo 
transcription of DNA sequences encoding a WT1 peptide, provided that the DNA is 

15 incorporated into a vector with a suitable RNA polymerase promoter (such as T7 or SP6). 
Certain portions may be used to prepare an encoded peptide, as described herein. In addition, 
or alternatively, a portion may be administered to a patient such that the encoded peptide is 
generated in vivo (eg:, by transfecting antigen-presenting cells such as dendritic cells with a 
rcDNA .construct encoding .a WT1 pepiide^and administering the transfected xells to the 

20 patient). 

Polynucleotides that encode a WT1 peptide may generally be used for production of 
the peptide, in vitro or in vivo. WT1 polynucleotides that are complementary to a coding 
sequence (*,£, antisense polynucleotides) may also be used as a probe or to inhibit WT1 
expression. cDNA constructs that can be transcribed into antisense RNA may also be 
25 introduced into cells of tissues to facilitate the production of antisense RNA 

Any polynucleotide may be farther modified to increase stability in vivo. Possible 
modifications include, but are not limited to, the addition of flanking sequences at the 5' 
and/or 3'-ends; the use of phosphorothioate or 2'-o-methyl rather than phosphodiesterase 
linkages in the backbone; and/or the inclusion of nontraditional bases such as inosine, 
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queosine and wybutosine, as well as acetyl- methyl-, thio- and other modified forms of 
adenine, cytidine, guanine, thymine and uridine. 

Nucleotide sequences as described herein may be joined to a variety of other nucleo- 
tide sequences using established recombinant DNA techniques. For example, a polynucleo- 
tide may be cloned into any of a variety of cloning vectors, including plasmids, phagemids, 
lambda phage derivatives and cosmids. Vectors of particular interest include expression 
vectors, replication vectors, probe generation vectors, and sequencing vectors. In general, a 
vector will contain an origin of replication fonctional in* least one organism, convenient 
restriction endonuclease sites and one or more selectable markers. Other elements will 
depend upon the desired use, and will be apparent to those of ordinary skill in the art 

Wim ^ eTnl^to^ polynucleotides may W fonnulated so as to permit entry 
into a cell of a mammal, and expression therein. Such fonnulations are partic^arly useful 
for therapeutic purposes, as described below. Those of ordinary skill in the art will 
appreciate that there are many ways to achieve expression of a polynucleotide in a target cell, 
and any suitable method may be employed. For example, a polynucleotide may be 
incorporated into a viral vector such as, but not limited to, adenovirus, adeno-associated: 
virus, retrovirus, or vaccinia or other poxvirus (e.g., avian poxvirus). Techniques for 
incorporating DNA into such vectors are well known to those of ordinary skill in the art. A 
retroviral vector may additionally transfer or incorporate a gene for a selectable marker (to 
aid in the identification or selection of transduced cells) and/or a targeting moiety, such as a 
gene that encodes a ligand for a receptor on a specific target cell, to render the vector target 
specific. Targeting may also be accomplished using an antibody, by methods known to those 
of ordinary skfflinthe art cDNA constructs within such a vector may be used, for example, 
to transfect human or animal cell lines for use in establishing WT1 positive tumor models 
which may be used to perform tumor protection and adoptive immunotherapy experiments to 
demonstrate tumor or leukemia-growth inhibition or lysis of such cells. 

Other therapeutic formulations for polynucleotides include colloidal dispersion 
systems, such as macromolecule complexes, «anocapsules, microspheres, beads, and lipid- 
based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes. A 
preferred colloidal system for use as a delivery vehicle vitro and in vivo is a liposome {le., 
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an artifidal membrane vesicle). The preparation and use of such systems is weD known in 
the art 

4 A Methods of Nucleic Acid Delivery and DNA Transfection 
5 In certain embodiments, it is contemplated that one or more RNA or DNA and/or 

substituted polynucleotide compositions disclosed, herein will be used; ; to transfect an 
appropriate host cell. Technology for introduction of RNAs and DNAs,snd vectarscomprising 
than into suitable host cells is well known to those of skill in the art In particular, such 
polynucleotides may be used to genetically transform one or more host cells* when therapeutic 

1 0 administration of one or more active peptides, compounds or vaccines is achieved through the 
expression of one or more polynucleotide constructs that encode one or mote therapeutic 
compounds of interest 

A variety of means for introducing polynucleotides and/or polypeptides into suitable 
target cells is known to those of skill in the art. For example, when polynucleotides are 

15 contemplated for delivery to cells, several non-viral methods for the transfer, of expression 
constructs into cultured mammalian cells are available to the skilled artisan for his use. These 
include, for example, calcium phosphate precipitation (Graham and Van Der Eb^ 1973; Chen 
and Okayama, 1987; Rippe, et al y ~ 1990); DEAE-dextran precipitation (Gopat 1985); 
electroporation 

20 etal y 1984; Suzuki etaL, 1998; Vanbevere/a/., 1 998), direct microinjection (Capecchi, 1980; 
Harland and Weintiaub, 1 985), PNA-loaded liposomes (Nicolau and Sene, 1982; Fraley et aL y 
1 979; Takakura, 1 998) and Kpofectamine-DNA complexes, cell sonication (Fechheimer et ah> 
1987), gene bombardment using high velocity microprojectiles (Yang etaL, 1990; Kleiner ah, 
1992), and receptor-mediated transfection (Cnriel etal, 1991; Wagner etaL, 1992; Wu and 

25 Wu, 1 987; Wu and Wu, 1 988). Some of these techniques may be successfully adapted for m 
vivo or ex vivo use. 

A bacterial cell, a yeast cell, or an animal cell transformed with one or more of the 
disclosed expression vectors represent an important aspect of the present invention. Such 
transformed host cells are often desirable for use in the expression of the various DNA gene 
. 30 constructs disclosed herein. In some aspects of the invention, it is often desirable to modulate, 
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methods are routine to ftose of slpll in the nwleculargenetic arts; Typically^ when increased or 
ove,-e*pression of, ^ k<fa ^ ^ ^ ^ 

^^^^ofd.en^erRNA.^^n,^^^^,^ 

" * *"«^*»~*»* «*~ herein, as- well as by employing 

cdL 

-<™^o,region,a.dop«„na I ry, a p„^adenybU„ns iE na 1 . InUredireenonoftranserintion 

«* WiMon codon, fte srnrtnW 

polyadenylatien signal sequence, if any, and the termMo, region. This sendee as , double 
strandmaybeused by Wffc t^ormationofa nnrroorga^smorenkar^c^^ 
usually be included with a DMA sequence involving a parte,, where «he second DNA 

sec^r*e may be joined ,„ .heexjttession eons,™* during introduchon of DNA into the 

host 

^""^"a" ^cation ^ 
mdude a sequence of a, .east about 30 or abon, 40 or about 50 basepairs (bp) or so, prefer/ 
al leas, about 60,. about 70, .about 80, or about 90 lo about- 100 or so bp, and usually not mere ' 

h *, ore probabiliry of leginmate recombinaUonis enhanced, so ma, me gene will be 
mtegnMedintotnehosta^stab^n^ainedbymehos.. DesnaMy.fte regulatory regions of 
the expression const™, will be in close proximity to (and also operabjy positioned relative to) 
the selected teapeuticgene providing for complementation as well as me gene providingfor 

organism wil, be likely ,„ also lose the gene providing for the eompeutive advantage, so ma, i, 
wrll be unable to compete in the environment with the gene retaining^ intact construe, 
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The selected therapeutic gene can be introduced between the transcriptional and 
translational initiation region and the transcriptional and translational tennination region, so as 
to be under the regulatory control of the initiation region. This construct may be included in a 
plasmid, which will include at least one replication system, but may include more than one, 
5 - where one replication system is employed for cloning during the development of the plasmid 
and the second replication system is necessary for functioning in the ultimate host, in this case, 
a mammalian host cell. In addition, one or more markers may be present, which have been, 
described previously. Where integration is desired, the plasmid will desirably include a 
sequence homologous with the host genome. 

10 Genes or other nucleic add segments, as disclosed herein, can be inserted into host cells 

using a variety of techniques that are well known in the art. Five general methods for 
delivering a nucleic segmeit into cells Have teen described: (1) chemical methods (Graham 
and VanDerEb, 1973); (2) physical methods such as microinjection (Capecchi, 1980), 
electroporation (U. S. Patent 5,472,869; Wong and Neumann, 1982; Fromm et aL, 1985), 

15 microprojectile bombardment (U. S. Patent 5,874,265, specifically incorporated herein by 
reference in its entirety), "gene gmT (Yang et al y 1990); (3) viral vectors (EglMs and 
Anderson, 1 988); (4) receptor-mediated mechanisms (Curiel et al, 1 991 ; Wagner et aL 9 1 992); 
and (5) bacterial-mediated transformation. 



20 4.5 WTtSpEciFic Antibodies and Antigen-Binding Fragments Thereof 

The present invention further provides antibodies and antigen-binding fragments 
* thereof, that specifically bind to (or are imrminospecific for) at least a first peptide or peptide 
variant as disclosed herein. As used herein, an antibody or an antigen-binding fragment is 
said to "specifically bind" to a peptide if it reacts at a detectable level (within, for example, 

25 an ELISA) with the peptide, and does not react detectably with unrelated peptides or proteins 
under similar conditions. As used herein, '"binding" refers to a noncovalent association 
between two separate molecules such that a "complex" is formed. The ability to bind may be 
evaluated by, for example, determining a binding constant for the formation of the complex. 
The binding constant is the value obtained when the concentration of the complex is divided 

30 by the product of the component concentrations. In the context of the present invention, in 
general, two compounds are said to "bind" when the binding constant for complex formation 
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exceeds „>> m bindfag ^ majbe ^ 



15 



20 



25 



30 



An, satMei the above requtakents ^ ^ a ^ ^ ^ 

.nu^Hvc entbc^en*. . bhdin6 agm , ^ „ ^ ^ ^ 

** — "W*" »*» »f techniques Wn te those 

- ofder ,„ * w f„ r the p^i*, of re co m binan, Mts _ ,„ one ^ ^ 
""—gen casing tfe ^ is inWa% mjec|ea ^ my of a ^ ^ of 
^s^mic^^xab^heepo,^ h fc^fe petite of ^Wnta 

short fepMes, a ^ ^ ^ my W ^ if ^ fe joiied t(> a ^ 
pn.,00, such as bovine serun, albumin „ ^ Iin)F e, ta,^ ^ fe 
•mected tntotbe animal* preferably according ,„ a predated schedufe incorporating 
one <* mere loos,* innnunizations, fc ^ ^ po|yd(jm| 

aaSbod.es specific for the peptide ma, te, be purified from sod, antiser, by, for example, 
»«ont, cta^to^ph,, ^„ g ^ ^ coiii , w |o a ^ ^ 

Mo«„ B ai ;Mn b«hes specie Ufa the anngemc peptide of irte.es, may be prepaid, 
*r example, using Ute teeh^oe of Koh! CT and Milstdn (,**>, and Mnpmvements thereto. 
Bnefly, these methods involve the preparcuon o{ ^ ^ ^ . 

anSbctfes taving fc deshed specific*, <i e , «* *. p^de of intercst). Such 

cell taes ma, be fni ^ k . ^ ^ K „ s ^ ^ ^ ^ 

— d as described above. The sp.een celfe are then imrnorfalfeed by, for example, 
fts-on ^h , mydoma ^ ^ ^ fe ^ fc 

num^ammal. A variely of fusion techniques may be employed For example, the 

and Uten ptaed * ,„ w densh, onaseieenvemediumte, supports ^ g^ of hybrid ceils, 
b« no. ntyetana celb. A ptefened se!e«,„„ technique uses HAT (hypoxanthine, 
a-ntoptenn, thymidine) seiecoon. Afl n a sufficient toe, usnaU, about , ,o 2 weeks. 
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colonies of hybrids are observed. Single colonies are selected and their culture supematants 
tested for binding activity against the peptide. Ifybridomas having high reactivity and 
specificity are preferred. 

Monoclonal antibodies may be isolated from the supematants of growing hybridoma 
5 colonies. In addition^ various techniques may be employed to enhance the yield, such as 
injection of the hybridoma cell line into the peritoneal cavity of a suitable vertebrate host, 
such as a mouse. Monoclonal antibodies may then be harvested from the ascites fluid or the 
blood. Contaminants may be removed from the antibodies by conventional techniques, such 
as chromatography, gel filtration, precipitation, and extraction. The peptides of this 
10 invention may be used in the purification process in, for example, an affinity chromatography 
step. 

Within certain embodiments, the use of antigen-binding fragments of antibodies may 
be preferred. Such fragments include Fab fragments, which may be prepared using standard 
techniques. Briefly, immunoglobulins may be purified from rabbit serum by affinity 

1 5 chromatography on Protein A bead columns (Harlow and Lane, 1 988) and digested by papain 
to yield Fab and Fc fragments. The Fab and Fc fragments may be separated by affinity 
chromatography on Protein A bead columns. 

Monoclonal antibodies and fragments thereof may be coupled to one or more thera- 
peutic agaats. Suitable agents in this regard include radioactive tracers andxhemolherapeutic 

20 agents, which may be used, for example, to purge autologous bone marrow in vitro). Repre- 
sentative therapeutic agents include radionuclides, differentiation inducers, drag?, toxins, and 
derivatives thereof. Preferred radionuclides include *>Y, ,2 % i3 1, ,8 *Re, ,s *Re, 2,, At, and 
2l2 Bi. - Preferred drugs include methotrexate, and pyrimidine and purine analogs. Preferred 
differentiation inducers include phoibol esters and butyric acid. Preferred toxins include 

25 ricin, abrin, diptheria toxin, cholera toxin, gelonin, Pseudomonas exotoxin, Shigella toxin, 
and pokeweed antiviral protein. For diagnostic purposes, coupling of radioactive agents may 
be used to facilitate tracing of metastases or to determine the location of WT1 -positive 
tumors. 

A therapeutic agent may be coupled (e.g., covalently bonded) to a suitable 
30 monoclonal antibody either directly or indirectly (e.g., via a linker group). A direct reaction 
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_»«-- * agent and an anbbc^ is ^ wJral mAjmmm ^ wiM ^ ^ 

to** For exanplc, a .nclec,!* ^ such as an amino or sundry, 
T* " * * „ith , carbony^co^g group, Mch as „ 

5 hahde) on the other. 

. *^ve»,Hn^be<^btetfc^^ 

J™' ^ ' m ' ter 8 rou P ^ function as a spacer to distance an antibody from an agent 
-^•. ^i-i^^^^i A hn^lup e* also serve,* 

the couphng efficiency. A» hewtie'li chemical reaenvi,, W*. the use of 

agents, orluKt^^^^^^^^^^^^ 

M Iteagents, bou.hon.o-^be,^,.^ (s«h as ^ isc^ta O.e^ogof 

may be affected, for example, through amino groups, earbo*,, g^s, and sundry, groups 

'"*"**** ~ references describing snch method- 

o'ogy; e « , U. S. Patent No. 4,671 j)58. 

When: , thaapeutfc ^ „,„„, ^ ^ ^ ^ ^ ^ ^ 

™<"*«"» ^ -«on, i, be desirabie io use a lh*er group i, B 
cleave during or upon intern^ion into , cel. A number of different deavable linker 
groups have been described The niedamsms for the totracellu.ar refease of an agent Iron, 
ftese taker groans include dea^ge by of a ^ ^ ^ ^ ^ 

N.4,4 8 »,7.0X by tadiauo, 0 f a phoWabile bo„ d (U. S. Patent .NoJ 4,625,014) by 
hydrolysis of deriva«*d amino acid side chains (U. S. Patent No. 4*3.,045X by serum 
complement-mediated hydrolysis (U.S. Patent No. 4,671 .Mgx and add-catafyzed hydrolysis 
(U.S. Patent No. 4,569,789). 

It may be desirable to conple more than one agen, to an antibody, fa one embocS- 
■— <, muhiple m „ l e OTl es of an agent are conpled to one antibody mofecule. In another 
embodnne.., more than one type 0 , HCM ^ „ ^ ^ rf fc 

parttcnlar embodiment, immu»oconj»ga.e s „ ilh more man one ^ ^ ^ a , 
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Variety of WaysJ For example, more than one agent may be coupled directly to an antibody 
molecule, or linkers that provide multiple sites for attachment can be used* Alternatively, a 
carrier can be used. A carrier may bear the agents in a variety of ways, including covalent 
bonding either directly or via a linker group. Suitable carriers include proteins such as 
5 albumins (LL S. Patent No. 4,507,234), peptides and polysaccharides such as aminodextran 
(U. S. Patent No. 4,699,784). A carrier may also bear an agent by noncovafent bonding or by 
- encapsulation, such as within a liposome vesicle (U. S. Patent No. 4,429^008 and U r S.Patent *~ 
>Io, 4,873,088). Carriers specific for radionuclide agents include radiohalogenated small 
molecules and chelating compounds. For example, U. S. Patent No. 4,735,792 discloses 

10 representative radiohalogenated small molecules andi their synthesis. A radionuclide chelate 
may be formed from chelating compounds that include those containing nitrogen and sulfur 
atoms as the donor atoms for binding the metal, or metal oxide* radionuclide. For example; 
U. S. Patent No, 4,673,562 discloses representative chelating compounds and their synthesis. 
A variety of routes of administration for the antibodies and immunoconjugates may 

15 be used. Typically, administration will be intravenous, intramuscular, subcutaneous or in the 
bed of a resected tumor. It will be evident that the precise dose of the antibody/ immuno- 
conjugate will vary depending upon the antibody used, the antigen density on the tumor, arid 
the rate of clearance of the antibody . =■ 

Also provided herein, are anti-idiotypic antibodies that mimic, an inmunogemc; _ , 

20 portion of WTt . Such antibodies may be raised against an antibody, or an antigen-btoding 
fragment thereof, that specifically binds to an immunogenic portion of WT1, using well- 
known techniques. "Antiidiotype antibodies' that mimic an, immunogenic portion of WT1 
are those antibodies that bind to an antibody, or antigen-binding fragment thereof, that 
specifically binds to an immunogenic portion of WT1, as described heron. 

25 Irrespective of the source of the original WT1 peptide-specific antibody, the intact 

antibody, antibody multimers, or any one of a variety of functional, antigen-binding regions of 
the antibody may be used in the present invention. Exemplary functional regions include scFv, 
Fv, Fab\ Fab and F^b 1 ), fragments of the WT1 peptide-specific antibodies. Techniques for 
preparing such constructs are well known to those in the art and are further exemplified herein. 
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The choice of antibody construct may be influenced by various factors. For example, 

prolonged fcdf-Hfe can result from the active readsorption of intact antibodies within & 

tadney, a property of the Fc piece of immunoglobulin. IgG based- aa ^, ihe ^ ey ^ 

expected to exhibit slower blood clearance than their Fab' counterparts. However, Fab' 

fragment^ compositions will generally exhibitbetterti^^ ' 

Antibody iragments can be obtained by proteolysis of the whole irimuinoglobulm by 
the non.sp^ifie m} ^ ^ diges(ion ^ ^ ide ^ g 

^t^termedTabfiagn^^ 
fragment" 

Papain should first be activated by reducing the suiphydryl group in theactive site with 
cysteme, 2^ercapto e thanol or drmiofeo!. Heavy metals in the stock ^ should be 
-rnovedbychelationwhhE^ 

substrate are normally mixed together in the ratio of 1:, 00 by weight. After incubation, the 
reactaon can be stopped by irreversible allegation of the thiol group with iodoacetamide or 
sunply by dialysis. The completeness of the digestion should be monitored by SDS-PACE and 
IhevariousfmctionsseparatedbyProtemA^epharoseorion 
TheusualprocedureforpreparationofF(ab%^^ 
ongm is limited proteolysis by the enzyme pepsin. The conditions, lOOx antibody excess 
wt^.macetatebufferat P H4.5,37»C, suggest ^ 

of the mter-heavy-chain dioxide bond: Rates of digestion of mouse IgG may vary with 
subclass and it may be difficult to obtaiu high yields of active F^ fragments without some 
undrgestedor completely degraded , g G. In particular,!^ is highly susceptible to complete 
degradat,on. The other subclasses squire different incubation conditions to produce optimal 
results, all of which is known in the art. 

Pepsin treatment of intact antibodies yields an F(aV% fragment that has two antigen- 
combming sites and is still capable of cross-linking antigen. Digestion of rat IgG by pepsin 
^Torres conditions including dialysis in 0.1 M acetate buffer, P H 43, and then incubation for 
four hrs with 1% wtAvt pepsin; IgG, and IgG, digestion is improved if first dialyzed against 
0.1 M formate buffer, P H 2.8,at 4°C, for 16 hrs followed by acetatebuffer. IgG,, gives more 
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consistent remits with incubation in staphylococcal V8 protease (3% wt/wt) in 0. 1 M sodium 
phosphatebi^er,pH Z8, for four hrs at 37°C. 

A Fab fragment also contains the constant domain of the light chain and the first 
constant domain (CHI) of the heavy chain. Fab' fragments differ from Fab fragments by the 
5 addition of a few residues at the carboxyl terminus of the heaVy chain CHI domain including 
one or more cysteines) from the antibody hinge region. F(ab7z antibody fragments were 
origihaByprcrtiufced^ Other 
chemical couplings of antibody fragments are also known. 

The term 'Variable," as used herein in reference to antibodies, means that certain 
1 0 portions of th£ variable domains differ extensively in sequence among antibodies* and are used 
in the binding and specificity of each particular antibody to its particular antigen. However, the 
variability is not evenly distributed throughout the variable domains of antibodies It is 
concentrated in three segments termed "hypervariable regions/' both in the light chain and the 
heavy chain variable domains. 
15 The more highly conserved portions of variable domains are called the framework 

region (FR). The variable domains of native heavy and fight chains each comprise four FRs 
(FR1, FR2, FR3 and FR4, respectively)* largely adopting a (J-sheet configuration, connected by 
three hypervariable regions, which form loops connecting, and in some cases, forming part of, 
the P-sheet structure. 

20 The hypervariableregions in each chain are held together in close proximity by the FRs 

and, witli the hypervariable regions from the other chain, contribute to the formation of the 
antigea-binding site of antibodies (Kabat-e/dL, 1991, specifically incorporated herein by 
reference). The constant domains are not involved directly in binding an antibody to an* 
antigen, but exhibit various effector functions, such as participation of the antibody in antibody- 

25 dependent cellular toxicity. 

The term "hypervariable region," as used herein, refers to the amino add residues of an 
antibody that are responsible for antigen-binding. The hypervariable region comprises ammo 
acid residues from a "complementarity determining region" or "CDR" (i.e. residues 24-34 (LI), 
50-56 (L2) and 89-97 (L3) in the light chain variable domain and 31-35 (HI), 50-56 (H2) and 

30 95-102 (H3) in the heavy chain variable domain (Kabat et al y 1991, specifically incorporated 
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herern by xeference) andA>r those residues from a "hypervariable loop" (I,, residues 26-32 
(^,50.52(1^^ 

vanabJedon^residuesomerthanthehyp^ariabk 

.^ogmtionandbmdfagsite. M region consisls Qfa ^ ^ ^ 
^YariabJedom^ ^ ^ ^ ^ ^ 

surfeceof theV^dimer. ™ective,y, ^ 

^ficity to the antibody. Ho^v W> ~ * I***.**. ^^.^ . 

and bmd antigen, iuthoughat a lower afetyt^^^^^ 

"Single^hain Fv» or W antibody fragments comprise the V H and V L domains of 

Polypeptrdemrtherco^sesapo^^ 

thesFvtofonnthedesrredstructureforantigenbmding. 

"Kabodies" are small antibody fragments with two antiger^binding. sites, which 
fragments comprise a heavy chain Variable domain W connected to a light chain variable 
^WMtk^e^e^^^. Byusmga^thatistooshortto 
allowpairingbetween the two domains on the same chain, the domains are forced to pair with 
thecom p ,ementarydom^ 

are descnbed in European Pat. Appl. No. EP 404,097 and Intl. Pat Appl. Publ. No. WO 
93/1 1.161, each specifically incorpomtedherein by reference, linear antilxxfies^ which can 
be hspeafic or monospecific, comprise a pair of tandem Fd segments (V^l-V^l) that 
form a pa* of antigen binding regions, as described in Zapata etal. (,995), specifically 
incoiporatedherein by reference. 
Omertypesofvari^^^ 

parent antibody from which they are generated. Such variants, or second-generation 
compounds, are typically substitutional variants involving one or more substituted 
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hypervariable region residues of a parent antibody". A convenient way for generating such 
substitutional variants is affinity maturation using phage display. 

In affinity maturation using phage display, several hypervariable region sites (&gi, 6 to 
7 sites) are mutated to generate all possible amino substitutions at each site. The antibody 
5 variants thus generated are displayed in a monovalent fashion from filamentous phage particles 
as fusions to the gene III product of M13 packaged within each particle; The phago-displayed 
variants are then screened for their biological activity (e.g., binding affinity) as herein disclosed. 
In order to identify candidate hypervariable region sites for modification, alanine-scanning 
mutagenesis can be performed on hypervariable region residues identified as contributing 

10 significantly to antigen binding. 

Alternatively, or in addition, the crystal structure of the antigen-antibody complete be 
delineated and analyzed to identify contact points between the antibody and target Such 
contact residues and neighboring residues are candidates for substitution. Once such variants 
are generated, the panel of variants is subjected to screening, and antibodies with analogues but 

15 different or even superior properties in one or more relevant assays are selected for further 
development 

In Using a Fab 1 or antigen binding fragment of an antibody, with the attendant benefits 
on tissue penetration, one may derive' additional advantages from modifying the fragment to 
increase its half-life. . A variety of -techniques may be employed, such as manipulation or 
20 modification of the antibody molecule itself, and also conjugation to inert carriers. Any 
conjugation for the sole purpose of increasing half-life, rather than to deliver an agent to a 
targfet, should be approached carefully in that Fab* and other fragments are chosen to penetrate 
tissues. Nonetheless* conjugation to nonprotein polymers, such PEG and the like, is 
contemplated 

25 Modifications other than conjugation are therefore based upon modifying the structure 

of the antibody fragment to render it more stable, and/or to reduce the rate of catabolism in the 
body. One mechanism for such modifications is the use of D-amino acids in place of L-amino 
acids. Those of ordinary skill in the art will understand that the introduction of such 
modifications needs to be followed by rigorous testing of the resultant molecule to ensure that it 

30 still retains the desired biological properties. Further stabilizing modifications include the use 
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oftheaddidonofstabili^oietiesto ^^U^^^c*^^ ^ 

.sge^aUyuscdtbpxoibngthehalf-lifeo^ 

inay wish to modfy the lemiW 

Moderate conjugation-type modifications for use with the present invention include 
5 mcorpomting a salvage xeceptor billing epitope into the ant^ Techniques for 

acbevmg this mc ,ude m utatio„ of the appropriate region of the antibody fragment or 
u.corporatog theepftopeas ap^-de ^ M ^ 

Appl. Publ. No. WO 96/32478 is specifically incited herein by reference for the 
. puiposes of finther exemplifying, such]' technology. SaKage receptor binchng epitopes are 

Thesarvagereceptor4>inding 

epit ° PeS tfeC,0Sed iD Infl - Pat - A ^ ™- No. W0 98/4533! are h«^tect herein by 
reference for use with the present invention. 

15 4.6 T Cell Compositions Specific for WTl Peptides 

Immunofcerapeutic compositions may also, or alternatively^comprise T cells specific 
for WTl, Such cells may generally be prepared in vitro or ex vivo, using standard 
procedures. For example, T cells may be present within (or isolated fiom) bone marrow, 
penpheral blood or a traction of bone marrow or peripheral blood of a mammal, such as a 
patent, usmg a connnerdally avaaable cell sepamtion s 

ava,lable from Nexell Therapeutics, Inc. Orvine, CA; see also U. S. Patent No. 5,240 856- U 
S. Patent No. 5,21 5,926; Intl. Pat Appl. Publ. No. WO 89/06280; Intl. Pat Appl. Publ. No 
WO 91/16116 and Intl. Pat. Appl. Publ. No. WO 92/07243). Alternatively, T cells may be 
denved fiom related or unrelated humans, non-human mammals, cell lines or cultures, 

T cells may be stimulated with WTl peptide, polynucleotide encoding a WTl peptide 
and/or an antigen.presentmg cell (APQihat expresses a WTl peptide. Such stimulation is 
performed under conditions and for a tinre sufficient to permit me generation of T cells that 
are specific for the WTl peptide. fteferably, a WTl peptide or polynucleotide is present 
vaflun a delivery vehicle, such as a microsphere, to facilitate the generation of antigen- 
speafic T cells. Briefly, T cells, which may be isolated from a patient or a related or 
unrelated donor by routine techniques (such as by FicohVHypaque® density gradient 
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centrifugatiori of peripheral blood lymphocytes), are incubated with WT1 peptide. For 
example, T cells may be incubated m vitro for 2-9 days (typically 4 days) at 37°G with/WTl 
peptide (e,g,, 5 to 25 tig/ml) or cells synthesizing a comparable amount of WT1 peptide. It 
may be desirable to incubate a separate aliquot of a T cell sample in the absence of WT1 
5 peptide to serve as a control. 

T- cells are considered to be specific for a WT1 peptide if the T cells kill target cells 
coated with a WT1 peptide or expressing a gene encoding siich a peptide. Tcell specificity 
may be evaluated using any of a variety of standard techniques. For example, within a 
chromium release assay or proliferation assay, a stimulation index of more than two fold 

10 increase in lysis and/or proliferation, compared to negative controls, indicates Tcell 
specificity. Such assays may be performed, for example, as described in Chen et al (1994). 
Alternatively, detection of the proliferation of T cells may be accomplished by a variety of 
known techniques. For example, Tcell proliferation can be detected by measuring an 
increased rate of DNA synthesis (e.£, by pulse-labeling cultures of T cells with tritiated 

15 thymidine and measuring the amount of tritiated thymidine incorporated into DNA). Other 
ways to detect Tcell proliferation include measuring increases in interleukiiir2 (IL-2) 
production, Ca* + flux, or dye uptake, such as 3^4^-dimethyltMazol-2-yl>2^-diphenyt- 
tetrazolium. Alternatively, synthesis* of lymphokines (such as interferon-gamma) can be 
measured or the, relative,jiumber of. Ixells that can respond ta a^WTl peptide may be : 

20 quantified. Contact with a WT1 peptide (200 ng/rnl - 100 pg/ml, preferably 100 ng/ml - 25 
|ig/nd) for 3-7 days should result in at least a two-fold increase in proliferation of the T cells 
and/or contact as described above for 2-3 hrs should result in activation of the T cells> as 
measured using standard cytokine assays in which a two-fold increase in the level of cytokine 
release (e.&, TNF or IFN-y) is indicative of T cell activation (Coligan et al, 1998). WT1 

25 specific T cells may be expanded using standard techniques. Within preferred embodiments, 
the T cells are derived from a patient or a related or unrelated donor and are administered to 
the patient following stimulation and expansion. 

T cells that have been activated in response to a WT1 peptide, polynucleotide or 
WTl-expressing APC may be CD4* and/or CD8 + . Specific activation of CD4+ or CD8^ 

30 T cells may be detected in a variety of ways. Methods for detecting specific T cell activation 



WO 01/62920 



PCT/US01/D570? 



54 



10 



15 



0 



or the generation of cytolytic <U, generanon^cytou™ Tcispecific fo, WTi)' 

Fo, CD4- T cells, a preferred method for detecting specific Tccll activation is the detection 
of the tnUMkm rfT«fc For W Tcells, » preferred meftod for detecting specific 
> T «»*^wislhedetectionoflnegen^^ 

F °^P**P>^eW%rCDir^^ 
WTl peptide, polynucieoiide or APC can be spited Tin number eftier* ^ « ,„ ^ 
Proton of-hTcds --•^raayfeaccc^W in a variety of ways. Por examp,* 
the T cells can be re-exposed to WTl peptide, with or without the addition of Tcell growth 
«** i**^.^,*^ Wtt- , ^ ^ 

addnfonofsfanlatorcdls is prefened wh« gerie«^g CDS' T cell reWe,Tce.ls can 
be gr„*n ,„ large numbers in ^o with retention of specificfty in response ,0 internum, 
™ Briefly, for the primary fa ^ stirnufetion ^ lage 

numbers of .ymphocytes <e. s , greater than 4 x ,0>) may be placed in flasks with media 
contannng human serum. WT, peptide (e.^ , peptide a, 10 ngtol) may be added directly, 
along v^thteumus toxoid (eg., 5 ngAal). The flasks may then be Abated (eg. 37°Cfor7 
days). For a second 1VS, T cells are then harvested and placed in new flasks with 2-3 x 10' 
united peripheral blood monocle* cells. WTl peptide (*g„ ,0ug/mF, is added 
■brecdy. The flasks are incubated a. 37X for 7 days. On day 2 and day 4 after Ute second 
1VS, 2-5 unite of interleukin-2 (IL-2) may be added. For a third IVS, the T cells may be 
Placed in wells and stimulated ^ %m^ t mm EBV transformed B cells ooated 
«.* Ore peptide. n,2 may be added on days 2 and 4 of each cycle. As scon as the cells are 
shown to be specific cytotoxic Tcells, they may be expanded using a 10-day stimulation 
cycle with higher IL-2 (20 units) on days 2, 4 and 6. 

Alternatively, one or more T cells „„, ^ fc rf ^ ^ ^ 

be expanded in number b, cloning. Memods for cloning cells are well known in the art, and 
mclude limiting dilution. Responde, T cefls may be purified from the peripheral blood ot 
patients by density gradient centrifcgation and sheep red cell resetting a^ 
estebhshed ,n culture b, stimulating with the nominal antigen „, me p^ce of j^ated 
autologous filler ce.ls. I, order ,„ generate CD4* T eel, tines, WTl peptide is used as the 
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antigenic stimulus and autologous peripheral blood lymphocytes (PBL) or lymphoblastoid 
cell lines (LCL) immortalized by infection with Epstein Barr virus are used as antigen- 
presenting cells. In order to generate CD8* T cell lines, autologous antigen-presenting cells 
transfected with an expression vector that produces WTl peptide may be used as stimulator 
5 ceDsw Established T cell lines may be cloned 2-4 days following antigen stimulation by 
plating stimulated T cells at a frequency of 0.5 cells per well in 96-well flat-bottom plates 
witk 1.x 10* irradiated PBL "or LGL cells and recombinant interleukin»2 (dL2) (50U/ml). 
Wells with established clonal growth may be identified at approximately 2-3 weeks after 
initial plating and restimulated with appropriate antigen in the presence of autologous 

10 antigen-presenting cells, then subsequently expanded by the; addition of low doses of rILZ. 
(10 U/ml) 2-3 days following antigen stimulation. T cell clones may be maintained in 24- 
weD plates by periodic restimulation with antigen and rIL2 approximately every .two weeks. 
Cloned and/or expanded cells may be administered back to the patient as described, for 
example, by Chang et aL, (1996). 

15 Within certain embodiments, allogeneic T-cells may . be primed (iLe., sensitized to 

WTl) in vivo and/or in vitro. Such priming may be achieved by contacting T cells with a 
WTl peptide, a polynucleotide encoding such a peptide or a cell producing such a peptide 
under conditions and for a tune sufficient to permit the priming of T cells. In general, T cells 
i -.are considered to. be primed if, for? example^ contact -with -a- WTl- peptide results in - 

20 proliferation and/or activation of the T cells, as measured by standard proliferation, 
chromium release and/or cytokine release assays as desaibed herein. A stimulation index of 
more than two fold increase in proliferation or lysis, and more than three fold increase in the 
level of cytokine, compared to negative controls indicates T-cell specificity. Cells primed in 
vitro may be employed, for example, within bone marrow transplantation or as donor 

25 lymphocyte infusion. 

T cells specific for WTl can kill cells that express WTl protein. Introduction of 
genes encoding T-cell receptor (TCR) chains for WTl are used as a means to quantitatively 
and qualitatively improve responses to WTl bearing leukemia and cancer cells. Vaccines to 
increase the number of T cells that can react to WTl positive cells are one method of 

30 targeting WTl bearing cells. T cell therapy with T cells specific for WTl is another method. 
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An ahernative method is to introduce the TGR chains specific for WT1 into T cells or other 
. cells v^d, lytic potential; In a suitable embodiment, the TCR alpha and beta chains are 
cloned out from a WT1 specific T cell fine and used for adoptive T cell therapy, such as 
described in WO96/30516, incorporated herein by reference. 

4.7 Pharmaceutical Compositions and Vaccine Formulations 

Within certain aspect^ peptides, polynucleotides, antibodies and/or T cells may be 
incorporated into pharmaceutical expositions or immunogenic compositions (/* 
vaccines). Aftematively, a pharmaceutical composition may comprise an antigen-presenting' 
cell (e.g., a dendritic cell) transfected with a WTl polynucleotide such that the antigen- 
presenting cell expresses a WTl peptide. Pharmaceutical compositions comprise one or 
inore such compounds or cells and a physiologically acceptable carrier or excipient 
Vaccines may comprise one or more such compounds or cells and an mununosrtaulant such 
as an adjuvant or a liposome (into which the compound is incorporated). An immunostimu- 
lant may be any substance that enhances or potentiates an. immune response (antibody- 
and/or cell-mediated) to an exogenous antigen. Examples of irmnunostimulants include 
adjuvants, biodegradable microspheres (eg, porylactic galactide) and liposomes (into which 
the compound is incorporated) (U. S. Patent No. 4,235,877). Vaccine preparation is 
generally described in, for example, Powell and Newman (1995). Pharmaceutical 
compositions and vaccines within the scope of the present invention may also contain other 
compounds, which may be biologically active or inactive. For example, one or more 
^unpgenic portions of other tumor antigens may be present, either incorporated into a 
ftsfon peptide or as a separate compound, wiftm me composition or vaccine. 

Within certain embodiments, pharmaceutical compositions and vaccines are designed . 
io elicit T cell responses specific for a WTl peptide in a patient, such as a human. In general, 
T cell responses may be favored through the use of relatively short peptides (e.g., comprising 
Jess than 23 consecutive amino acid residues of a native WTl peptide, preferably 4-16 
consecutive residues, more preferably 8-16 consecutive residues and stiD more preferably 8- 
10 consecutive residues). Altematively, or in addition, a vaccine may course an 
immunostimulant that preferentially enhances a T cell response. In other words, the 
nnmunostimulant may enhance the level of a T cell response to a WTl peptide by an amount 
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that is proportionally greater than the amount by which an antibody response is enhanced. 
For example, when compared to a standard oil based adjuvant, such as CFA, an 
immunostimulant that preferentially enhances a T cell response may enhance a proliferative 
T cell response: by at least two fold, a , lytic response by at least 10%, and/or T cell activation 
5 by at least two fold compared to WT1 -negative control cell lines, while not detectably 
enhancing ah antibody response. The amount by which a T cell or antibody response to a 
WT1 peptide is enhanced may generally be determined using any representative technique ~~ 
known in the art, such as the techniques provided herein. 

A pharmaceutical composition or vaccine may contain DNA encoding one or more of 
10 the peptides as described above, such that the p^tide is gener^ed /n jfni. As noted above, 
the DNA may be present within any of a variety of delivery systems known to those of 
ordinary skill m the art, including nuclric add expression systems, bactra^ 
sion systems and mammalian expression systems. Numerous gene delivery techniques are 
well known in the art (Rolland, 1 998, and references cited therein). Appropriate nucleic acid 

15 expression systems contain the necessary DNA, cDNA or RNA sequences for expression in 
the patient (such as a suitable promoter and terminating signal). Bacterial delivery systems 
involve the administration of a bacterium (such as Batittus-Catmette-Guerriri) that expresses 
an immunogenic portion of the peptide on its cell surface or secretes such an epitope. In a . 
--■ -preferred embodiment^ the DNA may be introduced using b -viral -expression system (e &> ^ 

20 vaccinia or other pox virus, retrovirus, or adenovirus), which may involve the use of a non- 
pathogenic (defective), replication competent virus (Fisher-Hoch et al, 1989; Flexner et al 9 
1989; Flexner et al 9 1990; U. S. Patent No. 4,603,1 12, U. S. Patent No. 4,769,330, /tt S. 
Patent No. 5,01 7,487; Intl. PaL Appl. Publ. No. WO 89/01973; U. S. Patent No. 4,777,127; 
Great Britain Patent No. GB 2,200,651; European Patent No. EP 0,345,242; Intl. Pat. Appl. 

25 Publ. No. WO 91/02805^ Berkner, 1988; Rosenfeld et al, 1991; Kolls et aL, 1994; 
Kass-Eisler et al y 1993; Guzman et al 9 1993a; and Guzman et a/., 1993). Techniques for 
incorporating DNA into such expression systems are well known to those of ordinary skill in 
the art. The DNA may also be "naked/* as described, for example, in Ulmer et al (1 993) and 
reviewed by Cohen (1993). The uptake of naked DNA may be increased by coating the 

30 DNA onto biodegradable beads, which are efficiently transported into the cells. It will be 
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administration. For parenteral administration, such as subcutaneous injection, the carrier 
preferably comprises water, saline; alcohol, a faVa wax or a buffer. For orrf.adiiinistration, 
any of the above carriers or a solid carrier, such, as mannitol, lactose, starch, magnesium 
stearate, sodium saccharine, talcum, cellulose, glucose, sucrose, and magnesium carbonate, 
5 may be employed. Biodegradable microspheres (e.g. , polylactate polyglycolate) may also be 
employed as carriers for the pharmaceutical compositions of this invention. Suitable 
biodegradable miCTosphares are disclosed, f6r example, in UL S. Patent $^0^ 4,8197,26^; 
5,075,109; 5,928,647; 5,811,128; 5,820,883; 5,853,763; 5,814,344 and 5^94^252/ For 
certain topical applications, formulation as a cream or lotion, using well-known components, 
10 is preferred. 

Such compositions may 1 also comprise buffers (e.g., neutral buffered saline or phos- 
phate buffered saline)* carbohydrates glucose, mannose, sucrose ordextrans), mannitol, 
proteins, peptides or amino acids such asglycine, antioxidants, bacteriostats, chelating agents 
such as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide), solutes that render the 
15 formulation isotonic, hypotonic or weakly hypertonic with the blood of a recipient, 
suspending agents/ thickening agents and/or preservatives. Alternatively, compositions of 
the present invention may be formulated as a lyophilizate, or formulated with one or more 
liposomes, microspheres, nanoparticles, or nricronized delivery systems using well-known 
technology. 

20 Any of a variety of immunostimulants, such as adjuvants, may be employed in the 

preparation of vaccine compositions of this invention. Most adjuvants contain a substance 
designed to; protect, the antigen from rapid catabolism, such as aluminum hydroxide or 
mineral oil, and a stimulator of immune responses, such as lipid A, Bortadella pertussis or 
Mycobacterium tuberculosis derived proteins. Suitable adjuvants are commercially available 

25 as, for example, alum-based adjuvants (e.g., Alhydrogel, Rehydragel, aluminum phosphate, 
Algammulin, aluminum hydroxide); oil based adjuvants (Freund's Incomplete Adjuvant and 
Complete Adjuvant (Difco Laboratories, Detroit, Ml), Specol, R1BI, TiteiMax, Montanide 
ISA50 or Seppic MONTANIDE ISA 720); nonionic block copolymer-based adjuvants, 
cytokines (e.g., GM-CSF or Flat3-ligand[); Merck Adjuvant 65 (Merck and Company, Inc., 

30 Rahway, NJ); AS-2 (SmithKline Beecham, Philadelphia, PA); salts of calcium, iron or zinc; 
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- ^ of acyiated ^ acy^ed ^ or 

jnonophosphoryl lipid A and Quil A. Cy^ such as GM-CSF or interieutM, - 7 OT 
12, may also be used as adjuvants. ' 
5 Hen^ns and may ^ ^ ^ fc fc ^ 

, *** *»« ( J ^ iH ) & particularly prefcred, aKho^ 

^^^f^-l-b^^*^ VariousporysaccWde 
« ^ » * PoIyamilK ^ of — ^ j ^ 

preferred, such as chift, and cW,^ i^..^;.^ .fc^,,,^ ^ 
» ^ A further preferred group of fc ^ 

^e,,^,^^^, ^^•a.pep.do^ Denva^of 

aS *" and farty aCd 

d<.ival,»e MTPPH, „c also contemplated. 

U. S. Pateni No. 4,950.645 describes a disaccWde-tripepMe deri»a«ve of 

*f* *" fS " fa «* **- reined ta phosphatidyl 

*.„e and p^^, ^ „ „ ^ „ „ ^ fe ^ ^ 

J"*^^^**.^*.^ ^eon.poundSofU.S: 

BCG and BCG-cell wall skeleton rr^cv ^ , * ■ 
. ■ ateleton (CWS) may also be used as adjuvants in lie 

".venhon, or wnhou, trehalose dhnycolate. Treha-ose **** nta, be used «self 
Azurna OH,,*. ^ ^ dunycotate adnata corrda^s ^, 

augmented resistance to influen7a vin« • 

o munenza vnus .nfectoon n, imce. Txehalose dimycolate may be 
prepared as described in U. S. Patent No. 4,579,945. 

Amphipathic and surface^ agents, , g ., saponin and derivatives such as QS2I 
(Carnbndge Biotech), form yet another group of preferred adjuvants for use with the 

* ' 1994; Hunter e/o/., 1991) may aJso.be employed Oligonucleotides, as described by 

preferred adjuvants. 
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Superantigens are also contemplated for. use as adjuvants ha the present invention. 
w Superantigens ,1 are generally bacterial products that stimulate a greater proportion of T 
lymphocytes than peptide antigens without a requirement for antigen processing (Mooney 
et a£, 1994). Superantigens include Staphylococcus exoproteins, such as the a, % y and & 
5 enterotoxins from & aureus and Si epidermidb, and the ct, |$, y and 8 K cott exotoxins. 

Common Staphylococcus enterotoxins are known as staphylococcal erterotdxin A 
(SEA) and staphylococcal eatetotoxinB (SEE), with enterotoxins through E (SEB):i)eing 
described (Rott eh al, 1992), Streptococcus pyogenes B (SEB), Clostridium perfringens 
enterotoxin (Bowness et. al, 1992), cytoplasmic membrane-associated protein (CAP) from & 
10 pyogenes (Sato e/. a/., 1994) and toxic shock syndrome taxb-1 (TSST-1) from SL aureus 
(Schwab et al, 1993) are iurther useful superantigens* 

One group of adjuvants particularly preferred for use in the invention are the 
detoxified endotoxins, such as the refined detoxified endotoxin of U. S. Patent No. 
4,866,034. These refined detoxified endotoxins are effective in producing adjuvant 
1 5 responses in mammals. 

The detoxified endotoxins may be combined with other adjuvants. Combination of 
detoxified endotoxins with trehalose dimycolate is contemplated, as described in th S. Patent 
No. 4,435,386. Combinations of detoxified endotoxins with trehalose dimycolate arid 
endotoxic glycolipids is also contemplated (U. S. Patent No. 4,505,899)> as is combination of 
20 detoxified endotoxins with ceB wall skeleton (CWS) or CWS and trehalose dimycolate, as 
described in U. S. Patent Nos. 4,436,727, 4,436,728 and 4,505,900. Combinations, of just 
- CWS and trehalose dimycolate, without detoxified endotoxins are also envisioned to be 
useful, as described in U. S. Patent No. 4^520,019. 

MPL is currently one preferred immunopotentiating agent for use herein. References 
25 that concern the uses of MPL include Tomai et aL (1987), Chen et aL (1991) and Garg and 
Subbarao (1992), that each concern certain roles of MPL in the reactions of aging mice; 
Elliott et aL (1991), that concerns the D-galactosamine loaded mouse and its enhanced 
sensitivity to lipopoly saccharide and MPL; Chase et al. (1986), that relates to bacterial 
infections; and Masihi et al (1988), that describes the effects of MPL and endotoxin on 
30 resistance of mice to Toxoplasma gondii. Fitzgerald (1 991 ) also reported on the use of MPL 
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-o up-reguiate the of , ^ ^..^ to ^ 

against challenge infection in rabbit* 
; ■ T*us MPL is ko™ ,„ be saie for use, as ^ ^ ^ ^ 

^™'^-fef M ^ use , evmManM ^ W(Vositaej ^ 

~ r (Bake, „ ^ mice aonlai ^ ^ )98 ; ^ ^ ^ 

5 .0 «, Xk, m,ce (Mtjcpaa and VogeL , 9S6; Mym ^ ^ ^ ^ 

^ < .993* TceH depend ^independent 

vaccine (Garg ^ ^ m); ^ ^ 

Baker e, „. ( 1988l)> „„„ ^ ^ ^ ^ ^ ^ ^ 
young ^ a fea^ of' an adjuvant' for: « in certain 

In the Myerc « „,. (I995) ^ ^ ^ „, ^ ^ ^ ^ 

v*s proposed lb, use as a came, fo, orter haptens, such as pepUdes. 

MPL abo activates and recnn* macrophages (Verma „„, 1992) . XoiIlai ^ 
-^W^thatMP^^ sec^onbytnac^phag*. 
UH. . aisoknownto activate superoxide production, lysozyn* acJvi,,, phagocytosis; and 
Whngof Candida in murine peritc^ macrophages (Chen e,al ,1991) 

The effec* of MPL on T cells inch* tie endogenous product of cv.ot.xic 
faeto^ «» as TNF.in serum ofBCG-pinedntice by MPL (Bennett „ ,o 88) . Kovach 
(.990) and Eiho, Ual ()99)) a,s. show ^ MPL Wuces TNF ac,ivi,y. MPL is 
known to act with Tm-a ,„ induce reicase of lFN-y by NK cells. 1FN-, producuon by 
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T cells in response to MPL was also documented by Tomai and Johnson (1989), and Odean 
e/ a/. (1990). 

MPL is also known to be a potent T cell adjuvant For example, MPL stimulates 
proliferation of melanoma-antigen specific CTLs (Mitchell etal, 1988, 1993). Further, 
5 Baker et al (1988b) showed that nontoxic MPL inactivated suppressor Tcell activity, 
Naturally, in the physiological environment, the inactivation of T suppressor cells allows for 
increased benefit for the animal, as realized by, e.g.> increased antibody jproduction. Johnson 
and Tomai (1988) have reported on the possible cellular and molecular mediators of the* 
Adjuvant action of MPL. 

10 MPL is also km>wn to^ 

protein prior to induction of serotonin secretion (Girabarek et al y 1 990). This study shows 
that MPL is involved in protein kinase C activation and signal transduction. 

Many articles concern the structure and function of MPL include; These include 
Johnson et al (1990), that describes the structural characterization of MPL homologs 

1 5 obtained from Salmonella mirmesota Re595 lipopolysaccharide. The work of Johnson et al 
(1990), in common with Grabarek etaL (1990), shows that the fatty acid moieties of MPL 
can vary, even in commercial species. In separating MPL into eight fractions by thin layer 
chromatography, Johnson et al (1990) found that three were particularly active, as assessed 
using human platelet responses. The chemical components of the various MPL species were 

20 characterized by Johnson etal (1990). 

Baker et al (1 992) further analyzed the structural features that influence the ability of 
lipid A and its analogs to abolish expression of suppressor Tcell activity. They reported that 
decreasing the number of phosphate groups in lipid A from two to one (i.e., creating 
monophosphoryl lipid A, MPL) as well as decreasing the fatty acyl content, primarily by 

25 removing the residue at the 3 position, resulted in a progressive reduction in toxicity; 
however, these structural modifications did not influence its ability to abolish the expression 
of Ts function (Baker et al, 1992). These types of MPL are ideal for use in the present 
invention. 

Baker et al (1992) also showed that reducing the fatty acyl content from five to four 
30 (lipid A precursor F/ A or eliminated the capacity to influence Ts junction but not to induce 
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pc^ma. of B cells. These studies sbowtbat » order tete able to ^ fc 

expression of Ts noictf oii,:Kpid A must be a glucosamine disaccbaride; maybave either one 
or two phosphate have a. leas, five 6tiv acyi Aisoi U>e el* 

length of the nonhydroxylated fen, acid, as well as the location of acybWg-bups (2- 
versus 3' position), may play an important tole (Baker a „l, 1992). 

I. awning the relationship berw ccn ^ ^.^ rf ^ ^ 

^ability of lipid Atoabolisnfeex^on ofs^^^i^^^^ 
« V99*> found tha, fatty acy, chain len^ o,C„ U,C„ appeared ,„ be optimal fo, 
hoactivrty. .n-^^^^*^^,^,^',^^ 
W.ups of relatively short eh™ ^ (C „ to ^ fom ^ 

Wfori) are less prcfened for use in Ibis invention. 

Baker.,,,,. (.994) also showed to the lipid A proxhi inner core region 
°'*-^^mcba^ 

due mamly ,„ ^ ^ of ^ oligosactban ^ ^ ^ ^ fa ' 
^ctnre among gram-negaUve bacterial, ,„ enlarge or expand upon the population of CD8* 
Ts generate during the course of a nonna, antibody response ,„ undated microbial 
autigens. ^"^»»x^ere^h*dforte 

oteerved was reported ,„ be , hexasaccharide containing one ^et^xyoctona^ 
f** two giucose residues, and three heptose residues ,. which are a«ached two 
^opbosphoryleu^olau.inc groups (Baker aaL , ,994). This information n*y be 
constdered m utilizing or even desigmng further aa 5 .rvan b lbr n seinU I e m vanio 1 . 

to a generally related line of work, T-****. 1SS5) desen^ed ie 

Association of endotoxic activities i„ a chemically synttesfcid Lipid A precursor after 
acety.at.on or succinylation. Thus, compounds s^h as -acetyl 406- and Winy. 5 16 " 
(Tauamoto e. ai, 1994a;b ; 1995) are also contempt for use in the invention 

Sy D ti^^for m ,partie„la,l,p rel e n ed g r ro porar^gens. Fo, example, Brade 
"* ° m m confining the bisphosphorylated 

ghcosamine ^saccharide backbone of lipid A tha, Wnds ,„ anti-Upid A MAbs. Ibis is one 
candidate for use in certain aspects of the invention. 
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The MPL derivatives described in U S. Patent No. 4,987,237 are jocularly 
contemplated for use in the present invention. IL S. Patent No. 4,98737 describes lyiPL 
derivatives that contain one or more free groups, such as amines, on a side chain attached to 
the primary hydroxy! groups of the monophosphoryl lipid A nucleus through an ester group. 
5 The derivatives provide a convenient method for coupling fte lipid A through coupling 
agents to various biologically active materials, The immunostimulant properties of lipid A 
are maintained AD" MPL derivatives in accordance with U. S. Patent No. 4^987^37 are 
envisioned for use in the MPL adjuvant-incorporated cells of this invention. 

Various adjuvants, even those that are not commonly used in humans, iriay still be . 
10 employed in animals, where; for example; one desires to raise antibodies or to subsequently 
obtain activated T cells* The toxicity or otter adverse effects that may result from either the 
adjuvant or the cells, e.g., as may occur using non-irradiated tumor cells, is irrelevant in such 
circumstances. 

Within the vaccines provided herein, the adjuvant composition is preferably designed 

15 to induce an immune response predominantly of the Thl type. High levels of Thl-type 
cytokines (e.g., IFN-y, TNFa, IL-2 and 1L-I2) tend to favor the induction of cell-mediated 
immune responses to an administered antigen. In contrast, high levels of Th2-type cytokines 
(e.g., IL-4, 1L-5, IL-6 and BL-10) tend to favor the induction of humoral immune responses. 
Following application of a vaccine as provided herein, a patient will support an immune 

20 response that includes Thl- and Th2-type responses. Within a preferred embodiment, in 
which a response is predominantly Thl-type, the level of Thl -type cytokines will increase to 
a greater extent than the Jevelof Th24ype cytokines. The levels of these cytokines may be 
readily assessed using standard assays. For a review of the families of cytokines see eg., 
Mosmann and Coffinan (1 989). 

25 Preferred adjuvants for use in eliciting a predominantly Thl-type response include, 

for example, a combination of monophosphoryl lipid A, preferably 3-de-O-acylated mono- 
phosphoryl lipid A (3D-MPL), together with an aluminum salt. MPL adjuvants are available 
from Corixa Corporation (Seattle, WA; see e.g., U S. Patent Nos. 4,436,727; 4,877,611; 
4,866,034 and 4,912,094, each of which is specifically incorporated herein by reference in its 

30 entirety). CpG-containing oligonucleotides (in which the CpG dinucleotide is unmethylated) 
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component release. Such carriers include microparticles of pofyOactideKXHglycolide), as 
well as pofyacrylafe, latex, starch, cellulose and dextran. Other delayed-release carriers 
include supramolecular biovectors, which comprise a non-liquid hydrophilic core {e,g m> a 
cross-linked polysaccharide or oligosaccharide) and, optionally, an external layer comprising 
5 an amphophilic compound, such as a phospholipid (U. S. Patent No. 5,151,254; Intl. Pat. 
Appl. Publ. No. WO 94/20078; Intl. Pat AppL PubL No. WO/94/23701; and Intl. Pat AppL 
- PubL^No. WO 96/06638). The amount of active compound contained, within a sustained 
release formulation depends upon the site of implantation, the rate and expected duration of 
release and the nature of the condition to be treated or prevented. 

10 Any of a variety of delivery vehicles may be employed ^within pharmaceutical compo- 

sitions and vaccines to facilitate production of an antigen-specific immune response that 
* targets tumor cells. Delivery vehicles include antigen-presenting ceHs (APCsX such as 
dendritic cells, macrophages, B cells, monocytes and other cells that may be engineered to be 
efficient APCs. Such cells may, but need not, be genetically modified to increase the 

15 capacity for presenting the antigen, to improve activation and/or maintenance of the T cell 
response, to have anti-tumor effects per se and/or to be immunologically compatible with the 
receiver (ie. y matched HLA haplotype). APCs may generally be isolated from any of a 
variety of biological fluids and organs, including tumor and peritumorai tissues, and may be 
autologous, allogeneic, syngeneic or xenogeneic cells. 

20 Certain preferred embodiments of the present invention use dendritic cells or 

progenitors thereof as antigen-presenting cells. Dendritic cells are highly potent APCs 
(Banchereau and Steinman* 1 998) and have been shown to be effective as a physiological 
adjuvant for eliciting prophylactic or therapeutic antitumor immunity (Timmerman and Levy, 
1999). In general, dendritic cells may be identified based on their typical shape (stellate in 

25 situ, with marked cytoplasmic processes (dendrites) visible in vitro), their ability to take up, 
process and present antigens with high efficiency and their ability to activate naive T cell 
responses- Dendritic cells may, of course, be engineered to express specific cell-surface 
receptors or ligands that are not commonly found on dendritic cells in vivo or ex vivo 9 and 
such modified dendritic cells are contemplated by the present invention. As an alternative to 
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usoIwilliiiiaTOci:i M ;(Zilyo B cl«/o«, 1998). 

JO IT^'top * I * d "'' C ^ adding to the culture medium combinations of GM-CSF 
Hon, nwturalion and proliferation of dendritic cells. 

snnpl. ray to discrimmate ^ |w wu ^^^^ „ owcver 
ft. nome.laune should no, be cotrshu*, to excfcde al, pe^e mtermediate stage, of 
duTerenfatron. Immature dendritfc ce,,s a* characterized as AP C »* . Ugb ^city for 
antigen uptake and processing, which correlates with trie high expression of Fey receptor and 

drese markers, but a high expression of cell surface molecules responsible for T cell active 

, " *" ' ^ ^ -^. («*. CD54 «i CD,,, 

» costusulatory molecules (e.g., CD40, CD80, CD86 and 4-1BB). 

^Cs may ge^rall, be transfer wiuv a .x.lynucleotide encoding , WT1 peptide, 
Succeed™ may ^ ^ a vim> ^ . cornposiuW or vacem. compr,s^ such 

13^,^ a t ^'' v ' :ir '' vehicle that targets a dendritic or other antigcri-rAesenting cell may 
be admuustered to a patient, resulting m transfer tha, ecus * ™. £i vn»o and ex vfro 
«r-Uc of dendritic cehs, for example, may genera.,, be performed ^ any ^ 

^-^^-^•^tUt^A^^^jM^ orthe 

geneguu approach described by «*,„ (1997) . ^ ^ of ^ ^ 

be achreved b, incubating dcndrilic ^ „ ^ ^ fc ^ ^ ^ 
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(naked or within a plasmid vector) or RNA; or with antigen-expressing recombinant 
bacterium or viruses (e.g., vaccinia, fowlpox, adenovirus or lentivirus vectors). Prior to 
loading, the peptide may be covalently conjugated to an immunological partner that provides 
T cell help (eg:, a carrier molecule). Alternatively, a dendritic cell may be pulsed with a 
5 BK)n-conjug2ited immunological partner, separately or in the presence of the peptide. 

Combined therapeutics is also contemplated, and the same type of underlying 
- pharmaceutical compositions may be employed for both single and combined medicaments. 
Vaccines and pharmaceutical compositions may be presented in unit-dose or muftinJose 
containers, such as sealed ampoules or vials. Such containers are preferably hermetically 
10 sealed V preserve sterility of the formulation until use. In general, formulations may be 
stored as suspensions, solutions or emulsions in oily or aqueous vehicles. Alternatively, a 
vaccine or pharmaceutical composition may be stored in a freeze-dried condition requiring 
only the addition of a sterile liquid carrier immediately prior to use. 

15 4.8 Methods for the Therapy of Malignant Disease 

In further aspects of the present invention* the compositions and vaccines described 
herein may be used to inhibit the development of malignant diseases (e.g^ progressive or 
metastatic diseases or diseases characterized by small tumor burden such as minimal residual 
disease). In general^ such methods may be used to prevent, delay or treat a disease associated 

20 with WT1 expression. In other words, therapeutic methods provided herein may be used to 
treat an existing WTl -associated disease, or may be used to prevent or delay the onset of 
such a disease in a patient who is free -of disease or who is afflicted with a disease that is not 
yet associated with WTl expression. 

As used herein, a disease is "associated with WTl expression" if diseased cells (e.g., 

25 tumor cells) at some time during the course of the disease generate detectably higher levels of 
a WTl peptide than normal cells of the same tissue. Association of WTl expression with a 
malignant disease does not require that WTl be present on a tumor. For example, 
overexpression of WTl may be involved with initiation of a tumor, but the protein expres- 
sion may subsequently be lost Alternatively, a malignant disease that is not characterized by 

30 an increase in WTl expression may, at a later time, progress to a disease that is characterized 
by increased WTl expression. Accordingly, any malignant disease in which diseased cells 
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eu-Wnnents, ^ provided hereto are adnnmsteed » , paden, afflicted „ 

coiiiailBedatliskfor.maligiiantniesolheJioma. 

S«hw 0y a,^ 

„' *" °f autologous bone ^ peripta,, blood or a 

10 ih^of^^,,^^,,^ F^o^ofbone^wor^p^Mood 
may be obtained using any standard technique in the art. 

Withta such meu^ ^^■^^^^^^ 

* * .«*» <° *^H~*d -unal, ptefeably 

^ ataman. A patient may or may not be afflicted with a malignant disease. Accordingly, .be 
above pharmaceutical compositions and vaccines may be used .to prevent the -Onset of a 

debyp^ 0 nand/orn«^of»e^ 6 disease). ApaWaffficKd with a disease 
may have a minima! residual disease < £s , a ,o„ »«, burden in a ienfcemia rata,, in 
compiete *pardalrennssion „ a cancerpatfen, foDowing nation of the Anno, burden 
*. *r 6 ery radiouVerap, aud/o, chemotherapy). . ^ m ,y be immunized to 

mb.b,t a reaps, ^ or ^ fc ^ qj. decrease the severity of a relapse). 
W*n certatoprefared S afflicted vrtth .nahgnan. n^helioma. 

CKher. WTl-associated cottons incrode leukemia <e s , AML, CML, ALL or cMdhood 
ALLX a myelcdyspfasuc syndrom (MDS) and cancer (e. s , gastointestinaL hmg, dryoid or 
Veas, cancer or a melanoma), ^fcer. the cancer or leukemi, is WT, positive «... rea«s 
^bly «, an anti-WO antibody, as provided herein „ expresses WI1 ntfNA m a 
level detectable by RT-PCR™ a<t a^^x^a u • x 

y K ' 35 described herem), as well as antoimmxme leases d.recte^J 

against WTJ-expressing cells. 

Otter diseases associated vAh WTl overexpression inch.de kidney cancer (such as 
rena. cell carcinoma, o, Witas toor), as described in Sa,oh « „i (2000X and Campbell e, 



WO 01/62920 



PCT/US01/05702 



71 

aL (1998); and mesothelioma, as described in Amin et aL, (1995)./ Haiada et aL (1999) 
; describe WTT: gene expression in human testicular genri-cell tumors. Nonomura et aL 

Hinyohka (1999) describe molecular staging of testicular cancer using polymerase chain 

reaction of the testicular cancer-specific genes. Shimizu et aL (2000) describe the 
S. ..- immunbhistochemical detection of the Wilms* tumor gene (WT1) in epithelial ovarian 

tumors. 

, WT1 overexpresswm was also described in desmoplastic sma^ 
Barnoud, et ah y (2000). WT1 overexpression in glioblastoma arid other cancer was described 
by Menssen et aL 9 (2000)^ "Wilms* tumor gene (WT1) expression in lung cancer, colon 

10 cancer and glioblastoma cell lines compared to freshly isolated tumor specimens." Other 
diseases showing WT1 overexpression include EBV associated diseases, such as Burkitt*s 
lymphoma and nasopharyng^ cancer (Spirisanti e/ a/., 2000), "Wilms 1 tumor gerie 
expression by normal and malignant human B lymphocytes." 

Pan et aL (2000) describe in vitro 1L-12 treatment of peripheral blood mononuclear. 

1 5 cells from patients with leukemia or myelodysplastic syndromes, and reported an increase in 
cytotoxicity and reduction in WT1 gene expression. Patmasiriwat et aL (1999> reported 
WT1 and GATAl expression in myelodyspl^tic syndrome and acute leukemia. Tamaki et 
aL (1 999) reported that the Wilms tumor gene WT1 is a goodi marker for diagnosis of disease 
progression of myelodysplastic syndromes. Expression of the Wilms tumor gene WT1 in 

20 solid tumors, and its involvement in tumor cell growth, was discussed in relation to gastric 
cancer, colon cancer, hmg cancer, breast cancer cell lines, germ cell tumor cell line, ovarian 
cancer^ the uterine tracer,- thyroid cancer cell line, hepatocellular carcinoma, in Ofi €t aL 
(1999). 

The compositions provided herein may be used alone or in combination with conven- 
25 tional therapeutic regimens such as surgery, irradiation, chemotherapy and/or bone marrow 
transplantation (autologous, syngeneic, allogeneic or unrelated). As discussed in greater 
detail below, binding agents and T cells as provided herein may be used for purging of 
autologous stem cells. Such purging may be beneficial prior to, for example, bone mairow 
transplantation or transfusion of blood or components thereof. Binding agents, T ceDs, 
30 antigen-presenting cells (APC) and compositions provided herein may further be used for 



WO01/62J20 



PC77US0J/0S702 



72 



15 



20 



25 



30 



expanding aW sumulamrg (or ^ ^ , a,,.,^ M ^ 

Whin donor lymphocyte inrusions. 

K^^ireauer^ofadnnm^ 

.0 aortal, and may be reada, estoblished using stondard teclmiques. In general the 
ptannaceutica. «p«„ and va ccmK h ^ ^ ( ^ ^ 

■aneous. in^usct,^ „ ^ . ^ ^ 

* ^ ^-(ifc-^-^M,,,. or Wte ma y be admMsterea 
■ : ^^^Hrec.c.oloscc™^ 

n.ed.odshK^nin.near,). ^ly. b^n , and ,ftd K e Sm ay be adhered. vera ' 

vaccmatronsmay b« give, periodica^ thereafter. Alternate p^fcoob may be app^ 

as described above, is capable of promoting an an.i-.mor immune response ma, is a. .east 

fteantr-tooraatibodies inapa«e„,o,by vaccine^ependen, genemtion of cyWySc effector 
ceUs capaNe of Klhng & ^s tumor cells in « tto . Such ^ shMld ^ fc 
capable of causing m immune response tha, leads to an improved cliniea. „«c„me 
^ ***** TO "* lete M or longer disuse-free and/or overall survival 

m vaccmated patients as compared to non-vaccinated pauents. ,„ general, for pharmacendcai 
c»mpo,«ons and vaccines comprising one o, more pepudes, ftc amonn, of each pepMe 
P^mad 0 se r anges fiom* CTlll0 o ue l()5lng . Suitable do~ si*s will vary with ft. 
^^P^bmwi^ 

In general, an appropriate dosage and treataent regimen provides the active 
compound's) in an amount sufficient ,„ provide therapeutic and/or proph,la«ic benefit 
Such a response can be monitored by establishing an improved clinical outcome («.*, more 
fteouen, complete o, partial remissions, „, lM1 ge, disease-ftee and/or ovoaU surviva.) fa 
seated patient as compare.! to non-treated patiente. Wases in r^shng immune 
-spouses ,„ WT1 6 eneml,y correlate whh an improved clinical outcome. Such immune 
responses may generaHy be evaluated using standard proliferation, cytotoxicity or cytokine 
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assays, which may be performed using samples obtained from a patient before and after 
treatment 

Within further aspects, methods for inhibiting the development of a malignant disease 
associated with WTI expression involve the administration of autologous T cells that have 
5 been activated in response to a WTI peptide or WT1 -expressing APC, as described above. 
Such T cells may be CEVP and/or CDS*, and may be proliferated as described above. The 
T cells may be administered to the individual in an amount effective to inhibit the devel- 
opment of a malignant disease. Typically, about I x 1 0 9 to 1 x 1 0" T cells/M 2 are admimV 
tered intravenously, intracavitary or in the bed of a resected tumor. It will be evident to those 

1 0 skilled in the art that the number of cells and the frequency of administration will be depend* 
ent upon the response of the patient 

Within certain embodiments, T cells may be stimulated prior to autologous bone 
marrow transplantation. Such stimulation may take place in vivo or in vitro. For in vitro 
stimulation, bone marrow and/or peripheral blood (or a fraction of bone marrow or peripheral 

15 blood) obtained from a patient may be contacted with a WTI peptide, a polynucleotide 
encoding a WTI peptide and/or an APC that expresses a WTI peptide under conditions and 
for a time sufficient to permit the stimulation of T cells as described above. Bone manow, 
peripheral blood stem cells and/or *WT1 -specific T cells may then be administered to a 
patient using standard techniques. 

20 Within related embodiments, T cells of a related or unrelated donor may be stimu- 

lated prior to syngeneic or allogeneic (related or unrelated) bone marrow transplantation. 
Such stimulation may take place in vivo ot in vitro. Fofin vitro stimulation, bone marrow 
and/or peripheral blood (or a fraction of bone marrow or peripheral blood) obtained from a 
related or unrelated donor may be contacted with a WTI peptide, WTI polynucleotide and/or 

25 APC that expresses a WTI peptide under conditions and for a time sufficient to permit the 
stimulation of T cells as described above. Bone marrow, peripheral blood stem cells and/or 
WTI -specific T cells may then be administered to a patient using standard techniques. 

Within other embodiments, WTI -specific T cells as described herein may be used to 
remove cells expressing WTI from autologous bone marrow, peripheral blood or a fraction 

30 of bone marrow or peripheral blood (e.g., CD34* enriched peripheral blood (PB) prior to 
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ad^ni^toa patient). S^ rn^^^^^ ^^^^^ 

y W-^pressmg cells to Jess than fo^ preferably less than 5% and more preferably less 
than 1%, of the total number of myeloid or lymphatic cells in the bone marrow or peripheral 
9 blood. The extent to which such cells have been removed may be readily determined by 
standard methods such as, for example, quaKtative and quantitative PGR™ analysis, 

Bo„e ^ow or PB(ora fraction 

thereoOi^ 

10 4S Diagnostic and Prognostic Methods for WTI-SpecIfic Disease 

The present invention ^ methods for detecting a malignant disease 

therapy^ibr such a disease, Such methods are based on the discovery] within the present - 
,nVCn,1 ° n ' ^ ™ immUDe ^.e specific for WT1 protein can be detected in patients 
affiled with such diseases, including malignant mesothelioma, and that methods which 
enhance such immune responses may provide a preventive or therapeutic benefit. Diagnostic 
methods provided herein may provide early detection of these diseases, and permit the high 
^ughputscreenmg of patients considered at risk. Such patients include, for example, indi- 

20 malignant mesothelioma. 

To determine the presence or absence of a malignant disease associated with WT1 
^^apatientmaybete^^ Within certain 

m^hods, a biological sample comprismg^ 

mcuba.ed v.th a WT1 peptide, a polynucleotide encoding a WT1 peptide and/or an APC that 
25 expressesa WT1 peptide, and the presence or absence of specific activation of the T cells is 
detected, as described herein. Suitable biological samples include, but are not limited to, 
•solated T cells. For example, T cells may be isolated from a patient by routine techniques 
(such as by Ficolimypaque density gradient centrifugation of peripheral blood lymphocytes). 
T cells may be incubated /„ yitro for 2-9 days (typically 4 days) at 37°C with wri peptide 
(«*. 5-25 ug/ml). It may be desirable to incubate another aliquot of a T cell sample in the 
absence of WT1 peptide to serve as a control. For CD4* T cells, activation * preferably 
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detected by evaluating proKferatiori of the T cells. For CD8* T cells, "tetivation is preferably 
detected by fevauatn^ cytolytic activity. A level of proliferation that is at least two fold 
greater and/or a level of cytolytic activity that is at least 20% greater than in disease-free 
patients indicates the presence of a malignant disease associated with WTI expression. 
Further correlation may be made, using methods well known in the art, between the level of 
proliferation and/or cytolytic activity and the predicted response to therapy* In particular, 
patients that display a higher antibody, proliferative and/or lytic response may be expected to 
show a greater response to therapy. 

Within other methods, a biological sample obtained from a patient is tested for the 
level of antibody specific for WTL llie biplog^ is incubated with a WTI peptide^ 

a polynucleotide encoding a WTI peptide and/or an APC that expresses a WTI peptide under 
conditions and for a time sufficient to allow immunocomplexes to form. Immunocomplexes 
formed between the WTI peptide and antibodies in the biological sample that specifically 
bind to the WTI peptide are then detected. A biological sample for use within such methods 
may be any sample obtained from a patient that would be expected to contain antibodies. 
Suitable biological samples include blood, sera, ascites, bone marrow, pleural effusion, and 
cerebrospinal fluid. 

The biological sample is incubated with the WTI peptide in a reaction mixture under 
conditions and for a time sufficient to permit immunocomplexes to form between the peptide 
and antibodies specific for WTI . For example, a biological sample and WTI peptide may be 
incubated at 4°C for 24-48 hrs. 

■ Following-the incubation, the reaction mixture is tested for the presence of immuno- 
complexes. Detection of immunocomplexes formed between the WTI peptide and 
antibodies present in the biological sample may be accomplished by a variety of known tech- 
niques, such as radioimmunoassays (RIA) and enzyme linked immunosorbent assays 
(EL1SA). Suitable assays are well known in the art and are amply described in the scientific 
and patent literature (Harlow and Lane, 1 988). Assays that may be used include, but are not 
limited to, the double monoclonal antibody sandwich immunoassay technique (U. S. Patent 
No. 4,376,110); monoclonal-polyclonal antibody sandwich assays (Wide etal, 1970); the 
"western blot" method (LL S. Patent No. 4,452,901); immunoprecipitation of labeled ligand 
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(Brown e , : aL, 1980>, er^yme-Knked irnmunosorbent assays (Maes and Ross 19m). 
—ocyt^cal including a* use of fl,,^^ (gi^ ' 

^ negate of ac.M.y^.^^,^; oto^^assa^bo,^ W 
are no. limned to , ^ desaj6ed fa u s ^ ^ 3^ ^ 

S 3^^3,984,533; 3,996^45; 4,034,074; and 4,098,876. 
FordetectfonrMH^wnr^^ 
.Wn peptide may be used in agghttiliation-assays or in cornbjoation with labeled' detection 

« a lec„ and secondary antibodies, or antigen-btading fiagn^s thereof, capable of 

peptide). If the WH peptide is 
labeled, .1* reporter^ may be + su«able repo*r gr^p ^ m ^ ^ ^ 

radrorsotopes, liuorescen, g^, haninescen, groups, enzymes, Wotin art dye particles 

W.lMneertain as»ys, labeled WTI peptide birnmobilizedcBasoBds^ %,e 

send support „», be any material ^W^otor^smhtemto^te 

*.e or a ninoceWoseorotorsui^e membrane. Ahernauvely, me .npport may be a 
bead ordisc, such as glass, fibers, latex ^aplastic material such as pblysWene or poly. 

„ *"■•*-*«»- sample, in Ui S. Paten, No. 5,359,681. TM p,^ ^ ^ 

^^mm^i^^^^,^^^ ^ ^ context of the 
present invention, fte tenn • %n nK*iliz a i M , > ier S ,„ both noncovale., association, Such , as 
adsorohon. and co^kn, amchmen. (which may be a direct linkage between tire antigen ani 
*nctional groups o„ the s^per. or ma, be a tinkage by way „f a WHnBng agent> 
rnunobtlizationbyadsorptic^toawenmamicrotiterp^ortoa ,„ 
such adsorption may be achfevej by contacting the WT, peptide, in , bufler, 
w-4 the solid s^por. for a suWIe amount of time. The contact time varies WW, 
.en^ure,bu,is^cahybet^.ac„ rtlDO „ raMabl)MIday ,„ ^ , 
wcH of, phstfc microtiter plate (such as polystyrene or r^vmylchloride) ^ m 



WO 01/62520 



PCT/US01/05702 



77 

peptide ranging from about 10 ng to about 10 fig* and preferably about 100 ngto about 1 ng, 
is sufficient to immobilize an adequate amount of peptide. 

Following immobilization, the remaining protein binding sites on the support are 
typically blocked. Any suitable blocking agent known to those of ordinary skill in the art, 
5 such as bovine serum albumin, Tween™ 20™ (Sigma Chemical Co., St. Louis, MO), heat- 
inactivated normal goat serum (NGS), or BLOTTO, (buffered solution of nonfat dry milk 
which also contains a preservative, salts, and an antifoaming agent) may be Hsfcd: The 
support is then incubated with a biological sample suspected of containing specific antibody. 
The sample can be applied neat, or, more often, it can be diluted^ usually in a buffered 

10 solution which contains a small amount (0.1%-5,0% by weigjrt) of proton, such as BSA, 
NGS, ot BLOTTO. In general, an appropriate contact time (/.&, incubation time) is a period 
of time that is sufficient to detect the presence of antibody that specifically binds WT1 within 
a sample containing such an antibody. Preferably, the contact time is sufficient to achieve a 
level of binding that is at least about 95% of that achieved at equilibrium between bound and 

1 5 unbound antibody. Those of ordinary skill in the art will recognize that the time necessary to 
achieve equilibrium may be readily determined by assaying the level of binding that occurs 
over a period of time. At room temperature, an incubation time of about 30 minutes is 
generally sufficient .. " . 

Unbound sample may then be removed . by washing the solid support with an appro- 

20 priate buffer, such as PBS containing 0.1% Tween™ 20. A detection reagent that binds to 
the immunocomplexes and thai comprises a reporter group may then be added The 
detection reagent is incubated with the immunocomplex for an amount of time suffiderit to 
detect the bound antibody. An appropriate amount of time may generally be determined by 
assaying the level of binding that occurs over a period of time. Unbound detection reagent is 

25 then removed and bound detection reagent is detected using the reporter group. The method 
employed for detecting the reporter group depends upon the nature of the reporter group. For 
radioactive groups, scintillation counting or autoradiographic methods are generally appro- 
priate. Spectroscope methods may be used to detect dyes, luminescent groups and fluores- 
cent groups. Biotin may be detected using avidin, coupled to a different reporter group 

30 (commonly a radioactive or fluorescent group or an enzyme). Enzyme reporter groups (e-g*> 
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peroxidase, .t-^ta^ a^ph^,^^^^, 
be detected me addition ^ fa a ipeeifie period of 

Mowed by spectioscopic or otfe an^ly* „ f „ ^ of ^ 

specie me,hod employed, a level of .ton* detection reagerrt ,ha, is a, has. ta W ^ 
•ban background (te> 0>e level observed fo, a biological sampfe ohau.ed Jem a disease-foe 

mvolve r^nitonng changes in fte level of anSbodies or T cells specific for WT, i„ ^ 
patient. Methods * which antibody levels are monitored w compn* tite steps „f : 

zation, v*h a WTl peptide, wherein tohp^i, ..db,.,*^,,^^. 
tan. sufficiett .oa lfcWima »^o»plexes to ^»*M«**-«6%totaa- 

patient Mowing therapy or immunization; and ( d)comparing „. ^ rf 
urnnunocon^es detected in the to and second bWogical samples. Alternatively, a 
po^cleodde eroding a WTl peptide, or „ APC exposing ;.. W peptide may be 
^yeJinpIaceoftheWTrpeptid* 1*.^^.^,^^^ 

,„ eroded b, u^p^lynneleotide, or expressed by the APC, and antibodies in 

biological sample are detected. 

Methods in which T cell activation and/or the number of WTl specific precursors are 
B^.oreJn», comprise the steps of: l^m******.**, 
CD4 and/or CDr cells (e. g .. bone mamrw, peripheml Mood „ a n^ 
, from a patient prior to a therapy or taununfeation, .... ^ ^ ^ 
mentation is performed under conditions and for a time sufficie* ,o allow specific activ* 
non, proliferation and/or lysis of T celjs; (b) detecting an amoun, of activation, prolh^ation 
a*d/or lysis of the T cells; (c)repeating steps (a) arrf (b) using a second biologica. sample 
comprising CD4< and/or CDS" T cells, ,md .ata, from same patient following therapy or 
mtmunizrton; »d (,„ ^p^g *e amount of activation, profiled and/or .ysis of T 
cells ,„ the firs, and second biological samples. Alternatively, a polynucleotide encoding a 
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WT1 peptide, or an APC expressing a WT1 peptide -may be employed in place of the WT1 
peptide. 

A biological sample for use within such methods may be any sample obtained from a 
patient that would be expected to contain antibodies, CD4* T ceHs and/or CDS* T cells. 
5 Suitable biological samples include blood, sera, ascites, bone marrow, pleural effusion and 
cerebrospinal fluid. A first biological sample may be obtained prior to initiation of therapy 
or immunization or. part' way through, a therapy or vaccination regime. The second biological 
sample should be obtained in a similar manner, but at a time following additional therapy or 
immunization. The second biological sample may be obtained at the completion of, or part 
10 rway through, therapy or immunization;prbvided 

zation takes place between the isolation of the first and second biological samples. 

Incubation and detection steps for both samples may generally be performed as 
described above. A statistically significant increase in the number of immunocomplexes in 
the second sample relative to the first sample reflects successful therapy or immunization. 

15 

4J0 Administration of Pharmaceutical Compositions and Formications 

In certain embodiments, the present invention concerns fonmdation of one or more of 
the polynucleotide compositions disclosed herein in pharmaceutical^ acceptable solutions for 
administration to a cell or an animal, either alone, or in combination with one or more other 

20 modalities of anti-cancer therapy. 

It. will also be understood that, if desired, the nucleic acid segment, KNA, or DNA 
compositions disclosed herein may be administered in combination with other agents as well, 
such as, e.g., proteins or peptides or various phannaceuticaDy-active agents. As long as the 
composition comprises at least one of the genetic expression constructs disclosed herein, there 

25 is virtually no limit to other components that may also be included, given that the additional 
agents do not cause a significant adverse effect upon contact with the target cells or host tissues. 
The KNA- or DMA-derived compositions may thus be delivered along with various other 
agents as required in the particular instance. Such RNA or DNA compositions may be purified 
from host cells or other biological sources, or alternatively may be chemically synthesized as 

30 described herein. Likewise, such compositions may comprise substituted or derivatized RNA 
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or DNA compositions. Such compositions may include one or more therapeutic gene 
con^eitheralone^ maiii^^^^i^^^^:^ 
- substimentderivatives, and/or omeranti^ 

The formulation of pharmaceuticalry-acceptable excipients and carrier solutions are 

reg.mens for using the par** compositions cfcaaibed herein in a variety of treatment 

^^i^umng^o^ 

and/ormtramiis^ 

3ft' 4 .10.1 InjectableDelivery 

P0K ° ttra " y ' ^vea,^, bte,,^^ M „«, tottaperito-eally us described in ,1 S 

or ph^acokgicaU, 1Kxptiblc ^ may ^ prepan;(| ^ ^ mm}y mhai ^ ^ 

polyene ^ ^ rfM ^ tt ^ faiKliii o& ^-j,^,^,, 

Stage ..„„, ^ ^ prepara^ eo^ah, a peservadve to p«va,t the g*™*, of 

rnkroorganiacns. 

0 ^epl^aceuticalfon^suitableformjectableus^ 

d.spers,ons and sterile powders for the extempo^us preparation of sterile injectable 
solutjonsordisp^^^ 

^entirety), In all cases the form m******^*^*.^'^*, 

syr.ngabilityexist, ^^^^c^^of^^^^^^ 
> be preserved against the contaminating action of microorganisms, such as bacteria and fungi. 
The earner can be a solvent or dispersion medium containing, for example, water, ethanol, 
Polyc-1 (e g ., glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable 
nnxturesthereof.and/orvegetableoil, Proper fluidity may be mamtained, for example, by the 
use of a coating, such as lecithin, by the maintenanceofmerequired p^clesizeinthecaseof 
Asperse and by the use of surfactants. The prevention of the action of microorganisms can be 
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brought about by various antibacterial ad antifungal agents, for example, parabens/ 
chlor obotanol, phenol, sorbic acid, thimexosal, and the like. In many cases, it will be preferable 
to include isotonic agents, for example, sugars or sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the use in the compositions of agents delaying 
5 absorption, for example, aluminum monosteaiateand gelatin. 

. For parenteral administration in an aqueous solution, for example, the solution should 
be suitably buffered if necessaryand'the liquid diluent first rendered isotonic with sufficient 
saline or glucose. These particular aqueous solutions are especially suitable for intravenous, 
intramuscular, subcutaneous and intraperitoneal administration. In this connection, sterile 

10 aqueous media that can be employed will be known to those of skill in the art in light of the 
present disclosure. For example, one dosage may be dissolved in 1 ml of isotonic NaCl 
solution and either added to 1 000 ml of hypodermoclysis fluid or injected at the proposed site 
of infusion, (see for example, Hoover, 1 975). Some variation in dosage will necessarily occur 
depending on the condition of the subject being treated. The person responsible for 

15 administration will, in any event, determine the appropriate dose for the individual subject 
Moreover, for human administration, preparations should meet sterility, pyrogenicity, and . 
general safety and purity standards as required by FDA Office of Biologies standards. 

Sterile injectable solutions may be prepared by incorporating the gene therapy 
constructs in the required amount in .the appropriate solvent- with several of the other 

20 ingredients enumerated above, as required, followed by filtered sterilization. Generally, 
dispersions are prepared by incorporating the various sterilized active ingredients into a sterile 
vehicle which contains the basic dispersion medium and the required other ingredients from 
those .enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, the preferred methods of preparation are vacuum-drying and fieeze-drying techniques 

25 which yield a powder of the active ingredient plus any additional desired ingredient from a . 
previously sterile-fihered solution thereof. 

The compositions disclosed herein may be formulated in a neutral or salt form* 
Pharmaceutically-acceptable salts, include the acid addition sahs and which are formed with 
inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids as 

30 acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups can 
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^''^dosagefcrmulata^^ ^ 
drag release capsuJes and the like. 

* F*annaceutica. active stances i, . ^ „ ^ ^ ^ ^ ^ .■■ 

the compositions. 

15 4.10.2 IntranasalDelivery 

One may use nasal solutions or sprays, aerosols or even inhalants ibr the treatment of 
-^-^^^i,*^ NasalsoWtW 

' T ** ** « similar in rnan, res^ to nasal 

Thus, the aqueous nasal solutions 
usually are isotonic and slight* buffed ,„ maintain , p H of trom about 5.5 to ab** 6 5 V 

aB-op^te drug subiltos, if r,^ may be tf* fomnhljon . ^ 

c °mnMcialiii^prer>aiatioiisareJ[ij6wn. 

'T-o-****,^*.^ Avarx.rormistisadministe^a^read.es 
.he affected a^ offe, ,„ „ Jief ^ ^ ^ ^ ^ 

However, this route can also be emptoyed to deliver ag e*s into the sys^ic circulation. 
Inkalationsmay be administered by me nasal o, oral respirator, routes. The admiuisUationof 
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i&halation solutions is only effective if the droplets are sufficiently fine and uniform in size so 
that the mist reaches the bronchioles. 

Another group of products, also known as inhalations, and sometimes called 

insufflations, consists of finely powdered or liquid drugs that are carried into the respiratory 

- . ^ *.*-,■- 

5 passages by the use of special delivery systems, such as pharmaceutical aerosols, that hold a 
solution or suspension of the drug in a liquefied gas propellant When released through a 
suitable valve and oral adapter, a metered does of the inhalation is propelled into the respiratory 
tract of the patient. 

Particle size is of importance in the administration of this type of preparation. It has 
10 been reported that the optimum particle size Tor penetration into the pulmonary cavity is of the 
order of about 0.5 to about 7 pm. Fine mists are produced by pressurized aerosols and hence 
their use in considered advantageous. 

4.103 Liposome-, Nanocapsule-, and Mjcrofarti cle-Medi ated Delivery 
15 In certain embodiments, the inventors contemplate the use of liposomes, nanocapsules, 

microparticles, microspheres, lipid particles, vesieles, and the like^ for the introduction of the 

polynucleotide compositions of the present invention into suitable host cells. In particular, the. 

polynucleotide compositions pf the present invention may be formulated for delivery either 
_ encapsulated in a lipid particle, a liposome, a .vesicle, a nanosphere,.or a nanoparficle or the V 
20 like. 

Such formulations may be preferred for the introduction of pharmaceutically acceptable 
formulations of the nucleic acids disclosed herein. The formation and use of liposomes is 
generally known to those of skill in the art (see for example, Couvreur et ol, 1 977; Couvreur, 
1988; Lasic, 1998; which describes the use of liposomes and nanocapsules in the targeted 

25 antibiotic therapy for intracellular bacterial infections and diseases). Recently, liposomes were, 
developed with improved serum stability and circulation half-lives (Gabizon and 
Papahadjopoulos, 1988; Allen and Choun, 1987; U- S. Patent 5,741,516, specifically 
incorporated herein by reference in its entirety). Further, various methods of liposome and 
liposome like preparations as potential drug carriers have been reviewed (Takakura, 1998; 

30 Chandran et ol y 1997; Margalit, 1995; U. S. Patent 5,567,434; U. S. Patent 5,552,157; U. S. 
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15 



20 



25 



30 



Men. 5^,3; U. S. Pa.en, 5,738,868 and U. S. Patem 5,7*5,587, each specific* 
mco^TatedhereinKyrefereiK^iniiseiiH^^ 
Lipc^toes have been used successfo^ 
instant to n^iection by other procedun^^^^ 
> ^miK^^^a^^^^^^ maddmon, liposomes are 
fiee of tbeDNA length constats that axe typical of viral-based delrvery system, Liposomes 
have been used effectively to introduce genes, drugs (Heath and Martin, 1986; Heath e,,* 
.1986; Balazsovits ei al, 1989; Frestaand Puglisi, ,996), radiotherapeutic agents (Piknl etal 
IPSTXen^esamaizunue/ai, ^In^mie/aZ, 19o 0 h),vin 1 ses(Fauera n dBalti m ore! 
1984),transcri P tionfactorsandallostericeffecto re 
of culturedceH, inland anh^^^ 
effecnvenes^ 

1985a; 1985b; Coune, 1988;ScuhW*/., 1988). Furffiemo^seve^ studies suggest that the 
use of hposomes is not associated with autoinunune responses, toxicity or gonadal localization 
after systemic delivery (Mori and Fukatsu, 1 992). 

Liposomes are formed from phospholipidsthat are dispfersedinan aqueousmediumand 
spontaneously form multilamellar concentric bilayer vesicles (also, termed multilamellar 
vesicle, (MLVs). MLVs generally have diamet^ of from 25 mn to 4 pm. Sonisationof 

mVsresultsinthefbrmationofsmali^ 

of200to5Q0A, coutammg an aqueous solution in the core. 

Liposomes bear resemblance to cellular membranes and are contemplated for use in 

connectionwHhthepreseutinventionas^ They arewidely 

surtableasbo*^^^ 

and wthmthe bilayer itself, respectively. ,» is possible that the dn^bearing hposomes may 
even be employed for she-specific delivery of active agents by selectively modifying the 
liposomal formulation. 

Inadditiontotheteachingsof Couvreure/o/. (1977; 1988), the following information 
may be uflized in generating liposomal formulations. Phospholipids can form a variety of 
structoes other than liposomes when dispersed in water, depending on the molar ratio of lipid 
to water. At low ratios the liposome is the preferred structure. The physical characteristics of 
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liposomes depend on pH, ioaic strength and the presenceof divalent cations. Liposomes can 
show low permeability to ionic and polar substances, but at elevated temperatures undergo a 
phase transition which markedly alters their permeability. The phase transition involves a 
change from a closely packed, ordered structure, known as the gel state, to a loosely packed, 
5 less-ordered structure, known as the fluid state. This occurs at a characteristicphase-transition 
temperature and results in an increase m 

XKexnatively, the invention provides for pharmaceutical^ acceptable nanbd^psule 
formulations of the polynucleotide compositions of the present invention. Nanocapsules can 
generally entrap compounds in a stable and reproducible way (Henry-Michelland etal, 

10 1987; Quintanar Gterrerb et al, 1998; Douglas et al 9 1983). To avoid side effects due to 
intracellular polymeric overloading, such uhrafine particles (sized around 0.1 yuri) should be 
designed using polymers able to be degraded in vivo. Biodegradable polyalkyl-cyanoacrylate 
nanoparticles that meet these requirements are contemplated for use in the present invention, 
and such particles may be are easily made, as described (Gouvreur et ah, 1980; 1988; zur 

15 Muhlen et al, 1998; Zambaux et al 1998; Pinto-Alphandry et al, 1995 and U. S. Patent 
5,145,684, specifically incorporated herein by reference in its entirety). In particular, 
methods of polynucleotide polynucleotide delivery to a target cell using either nanoparticles 
or nanospheres (Schwab et al, 1994; Truong-Le et al, 1998) are also particularly 
.. contemplated to-be.use&l in formulating the disclosedxompositions for administration. to an , 

20 animal, and to a human in particular. 

4.1F Therapeutic Agents and Kits 

The invention also provides one or more of the WT1 -specific antibodies or antigen 
binding fragments, or WT1 -derived peptides or peptide variants formulated with one or more 
25 pharmaceutical^ acceptable excipients, carriers, diluents, adjuvants, and/or other components 
for administration to an animal in need thereof. In addition to the disclosed epitopes, antibodies 
and antigen binding fragments, antibody- or antigen binding fragment-encoding 
polynucleotides or additional anticancer agents, polynucleotides, peptides, antigens, or other 
therapeutic compounds as may be employed in the formulation of particular compositions and 
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) 



' . As »«*»*» ^ for adminiaratfon „f ^ pfaam.^c^Ucal cornp^tion, 
^'o^l^i M I^« aJ ^ JartMarJyhulIlaiis Otepreferredanimalsincmd* 
r«»a.es,sheep, g 0al s, ^ ^ ^ md fdiMS) ^ ^ k -. 

ofce, marnmaBan specie, commonly ordered pets, livestock, -or cc^rmercially releva* 

_ ; «ter alone, o, to con.btoa.on witl, one „, more additional ^e ingredients,- anticancer 
.,T^\T^i?»r.^.*-«^** -V be nanrra, , ! 

*^,s,na, enc ode one or „ s«h additional active tog^dien.s, carriers, adjuvant 
cefaclors, or otto tbeiapenticcomixHiod. 

4J2 DIAGNOSTIC REAGENTS AMD KITS 

Tne invention further provides diagnosBc reagents and kfts comprising one o, nK. re 

afirs. pepdde, or .fa, antibody « antigen binding fagrnen. „f tie invennon, a JuncUonal 
ft^en.^or.co^u.ereof.andn^to 

the fat B used. Tne signal generattog nieans may ^p^^a^^^annbodyofft. 
invent™ or may rennire combtoano. vrith one or more comrx.nents, buffers, antfbody- 
conjugates, enzyme subsna.es, or the like, prior to use. Kb ma, also incKde 
addmc^reagents,^, ^^^ ^^^^^^^^^ 

^wasrnngreagen^.en^esubstrates.andftelike, Itesolidpnasesnrfacmaybeh. 
the form of microbe, plates, microspheres, or ouier materials suitable for immobilizing 
Proterns, peptides, or polypeptides. Preferably, an er^me tha, catalyzes the formation of a 
chemitotoescen, or endogenic product or *e reduction of a cr«mi.»mmesce„, or 
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chroraogenic substrate is a component of the signal generating means* Such enzymes are well 
known in the art. 

Such kits are useful in the detection, monitoring and diagnosis of conditions 
characterized by over-expression or inappropriate expression of WT1, or WTl-derived peptides 
5 and/or polypeptides. 

v The therapeutic and diagnostic Sits of the present invention may also be prepared that 
■< : comprise at least one of the antibody, peptide 1 , antigen binding fragment, hybridoma, vector* 
vaccine, polynucleotide, or cellular compositions disclosed herein and instructions for using 
the composition as a diagnostic reagent or therapeutic agent Containers for use in such kits 
10 may typically comprise at least one vial, test tube^ flask, bottle, syringe or other suitable 
container, into which one or more of the diagnostic and/or therapeutic composition(s) may be 
placed, and preferably suitably aliquoted. Where a second therapeutic agent is also provided, 
the kit may also contain a second distinct container into which this second diagnostic and/or 
therapeutic composition may be placed. Alternatively, a plurality of compounds may be 
15 prepared in a single pharmaceutical composition, and may be packaged in a single container 
means, such as a vial, flask, syringe, bottle, or otter suitable single container. The kits of the 
present invention will also typically include a means for containing the vial(s) in close 
confinement for commercial sale, such as, eg, injection or blow-molded plastic containers 
into which the desired vial(s) are retained. Where a radiolabel, chrbmogenic, fluorigenic, or . 
20 other type of detectable label or detecting means is included within the kit, the labeling agent 
may be provided either in the same container as the diagnostic or therapeutic composition 
i itself* or may. alternatively be placed in a second distinct container means into which this 
second composition may be placed and suitably aliquoted. Alternatively, the detection 
reagent and the label may be prepared in a single container means, and in most cases, the kit 
25 will also typically include a means for containing the vial(s) in close confinement for 
commercial sale and/or convenient packaging and delivery- . 

4.13 Exemplary Definitions 

In accordance with the present invention, nucleic acid sequences include, but are not 
30 limited to, DNAs (including and not limited to genomic or extragenomic DNAs), genes, 
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peptide nucleic acids (PNAs) RNAs (incl^ |m| , inlited rRNAs, mRNAs aod 
cbemicahy sjMesiad, nK»fficd. „ otiose p^i,, wWe or .in part by & tod of 



5 ^ ^'-k^.alltectai^.nd scientific .ems used herein have to s»e 

■neaning as^iv understood bv rf^^*. art to which ^invent™ 
belongs. . ^IMMr-V^fedd.d ^ai^-,^-^^^^^^;^,,^. 
benan can be *ed p to ptac&e or,es«ng „ f to,^ ^^top^^hods 
, artc^^^descnbed^ia l*Wi^rffc f ^l^ fc £& % 
10 lemisaje defined below: & 

wienused in thi s appKcatioi^includingWclain^ denotes "one or more". 

peptide or polypeptide. 

Promoter: a term used to generally describe the region or regions of a nucleic acid 
sequenced regulates transcriptioa 

Regulatory Element: a term used to generally describe th, region or regions of a 
mjcleicacid s^uence that regulates transcription. ' ' ". 

Structural gene: A gene or sequence region that is e^edto produce an enc^ed 
peptide or polypeptide. 

TransWatioB: A process of introducing an exogenous polynucleotide sequence 
^a^arecombmantl^ 

that exogenous nucleic acid segment is incorporated into at least a first chromosome or is 

capable of autonomous replication within the transformed host ccD. Transfection 

electroporation, and naked nucleic acid uptake all represent examples of techniques used to 

iransfonnalMjstceUwhhoneormorepolynucIeoti^^^ 

TransformedceO: A host ceD whose nucleic acid complement has been altered by the 
mtroductoonoforeormo^^ 



20 
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Transgenic cell: Any cell derived or regenerated from a transformed cell or derived 
irom a transgenic ceD,6ir from the progeny or oflspringof any generation of such a transformed 
host cell. 

Transgenic animal: An animal or a progeny or an offspring of any generation thereof 
5 ihat is derived from a iiansfbtmed animal cell, wherein the animal y s DNA contains an 
introduced exogenous nucleic add molecule not originally present in a uatiye, wild type, non- 
tra^genic animal of the same species. The terms "transgenic animal" ^nd ^ansfoimed 
animal" have sometimes been used in the art as synonymous terms to define an animal, the 
genetic contents of which has been modified to contain one or more exogenous nucleic acid, 
10 segments. 

Vector: A nucleic acid molecule, typically comprised of DNA, capable of replication 
in a host cell and/or to wfeich anotfeer nucleic acid segment can be operative^ linked so as to 
bring about replication of the attached segment. A plasmid, cosmid, or a virys is an exemplary 
vector. 

15 The terms "substantially corresponds to", "substantially homologous** or "substantial 

identity* as used herein denotes a characteristic of a nucleic acid or an amino acid sequence, 
wherein a selected nucleic acid or amino acid sequence has at least about 70 or about 75 
percent sequence identity as compared to a selected reference nucleic acid or amino acid 
sequence. More typically, the selected sequence and the reference sequence will have at least 

20 about 76, 77, 78, 79, 80, 81, 82, 83, 84 or even 85 percent sequence identity, and more 
preferably at least about 86, 87, 88, 89, 90, 91, 92, 93* 94, or 95 percent sequence identify. 
More preferably stilly highly homologous sequences often share greater than at least about 
96, 97, 98, or 99 percent sequence identity between the selected sequence and the reference 
sequence to which it was compared. The percentage of sequence identity may be calculated 

25 over the entire length of the sequences to be compared, or may be calculated by excluding 
small deletions or additions which total less than about 25 percent or so of the chosen 
reference sequence. The reference sequence may be a subset of a larger sequence, such as a 
portion of a gene or flanking sequence, or a repetitive portion of a chromosome. However, in 
the case of sequence homology of two or more polynucleotide sequences, the reference 

30 sequence will typically comprise at least about 18-25 nucleotides, more typically at least 
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— ^**»» algorithms well-knowato those rfsk m i„ the art 

IT * * ^ of man i . laboraiory v 

2*™^ ^ - ^ >— — • flf «— . * may have ^ 

gene *» * •<- a ~ g »e ^ a 

P^onioter is defined as a promoter which does not naturally occur Adjacent to the referenced . 

gene, ou, is positioned by iaho^ n^pulaU^ UWse, , 

* erofcgous gen* * mfcfcic acid segment is defmed as a gene or segnren, tha, d oes no, 

^nscriphoM regulatory ^ KftrS ,„ .■ IBlym , Jeo|jde ^ 
» tmnseriptio. aionc or h, combination w Hh one „, more ^ 

A *— -< «- examplvcomprise one or more 

,J^^«^^^ ^„ ^^^^ J^,,. 

oue or more enhancers. 

25 «L ^ ' " ta " SCriP "' M ' *" - « Wription factor 

bndmg srte- refer ,„ , polym^ „ ^ ^ ^ _ 

- bemg sues fo, the sentence-specific interaction of one or more trattscnpfe, facers, 
*e,oeo„y taking me form of direct pro,^ ^ Typica ,, y „„ ^ 

taKtag s-tes « be idenfified by DNA footprint^ ge, mobility shffl assays, and the Be 

30 ^"t te ^ 0n * eWOfto ™ roW ~-»^» corner 
■*« methods known to (hose of skill in the art. 
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used herein^ the term "operably linked** refers to a linkage of two or more 
polynucleotides or two or more nucleic acid sequences in a ftnctional relationship. A 
nucleic acid is "operably linked* when it is placed into a functional relationship with another 
nucleic acid sequence. For instance, a promoter or enhancer is operably linked to a coding 
5 sequence if it affects the transcription of the coding sequence. Operably linked means that 
the DNA sequences being linked are typically contiguous and, where necessary to join two 
protein coding regions; contiguous and in reading frame. However, ..since enhancers 
generally function when separated from the promoter by several kilobases and btrordc 
sequences may be of variable lengths, some polynucleotide elements may be operably linked 

10 but not contiguous. 

"Transcriptional unit* refers to a polynucleotide sequence that comprises at least a 
first structural gene operably linked to at least a first cfe-achng promoter sequence and 
optionally linked operably to one or more other exacting nucleic acid sequences necessary 
for efficient transcription of the structural gene sequences, and at least a first distal regulatory 

15 element as may be required for the appropriate tissue-specific and developmental 
transcription of the structural gene sequence operably positioned under the control of the 
promoter and/or enhancer elements, as well as any additional cis sequences that are pecessary 
for efficient transcription and translation (e.g., polyadenylation site(s), mRNA stability 
controlling sequences), etc. 

20 

5. Examples ; 

The following-examples are included to demonstrate preferred embodiments of tbe 
invention. However, those of skill in the art should, in light of the present disclosure, appreci- 
ate that many changes can be made in the. specific embodiments which are disclosed and still 
25 obtain a like or similar result without departing from the spirit and scope of the invention 
described in the appended claims. 
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5 5IJ Materials and RferaoDs 

5.1J J IttCOMBlRMn-PROTCj, PlIRIncATION 

. , ■*» FOtein expression, cDNA oonstiuc,s rt^ig «he toan Wi iiii iength 

- * proteins «^ sf mitely « we ^ f *L g 

pH-8.0 - inM,o, (BoeWnger Mannbein, BiocKenucab, 

'^apo.. »> a, 37-C by ^ roMds of ^ 

20 chelate affinity chromatography over nickel nhriw „• ., ' 

; " vcr nitnlotnacetic acid resin (QIAGEN Inc. 

a.enc,a,CA> Proteins we™ a»d y «d hy SDS-fAGE and factions containing the protein" 
1^ ^ ^ »^ against exc*s 10 mM Tiis pB-80 

owe brought to 8 M urea and ioaded onto a Source Q™ anion exchange rean 
to**-******, Oppsa.a. S^ei,^ ^ ^ _ 
ehrted - Mb A »» , gradient 0 ,„ , M NaCI . ^ ^ ^ ^ rf 

--^P-HdM,-*^^ .OrnMmpM.o.andstoredat- 

ior further use. The identity of the wri ^ 

iaenmy ol the WTI peptides was confirmed by N-tenninal 

sequencing. 
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SJJ^Akhbody Responses 

Antibody responses to WTI polypeptides were determined by Western blot analysis 
using both recombinant fulHength and truncated WTI proteins and a WTI polypeptide 
designated WT N180 (Santa Cmz Biotechnology, Inc., Santa Cruz, CA). As the primary 
5 antibody, sera from immunized as well as non-immunized B6 mice or human AMU patients 
was used in a 1:500 dilution with Tri^lwffered saline/1% BSA and 01% NP-40™. A 
polygonal antimouse or antihumaivhorseradish rpCToxidaserConjugated second antibody 
(Amersham Pharmacia Biotech, Piscataway, NJ> was used in a 1 A 0,000 dilution. The Wots 
were then developed by using a chemOuminescent reaction (ECU™ Reagent^ Amersham) 

10 after which they were exposed to Hyi^ 

and examined. All control blots were developed by using the commercially prepared WTI- 
specific antibodies, WT C-19 and WT 180 (Santa Cruz Biotechnology), and each 
demonstrated a strong band at the expected size of the TRX-WT1 fusion proteins (TRX-WT1 
full-length (approximately 85 kDa); TRX-WT1 N-terminus (approximately 60 kDa); TRX- 

1 5 WTI C-terminus (approximately 50 kDa). 

5X13 WTI EL1SA 

96-well ELISA plates (Nunc) were coated with 50 jUAveD of each of the WTI 
proteins. WTI proteins were diluted to 5 ngfpl in ELISA coating buffer (1 M Na^HC0 3 , pH 

20 9.6). Plates were incubated over night at 4°C or 4 hrs at 37°C and then washed twice in 
PBS/0.1% Tween™. Plates were blocked with 200 pl/well Blocking Buffer (10% normal 
goat sera/PBS/0.1% Tween^, incubated 2 hrs at room temperature and then washed twice. 
As a first step antibody, 50 pi of either patient samples, positive controls or negative control 
samples diluted in Blocking Buffer were added. Positive controls included WTC19 and 

25 WTI 80 antibodies (Santa Cruz). Negative controls included sera from healthy volunteers. 
Test samples included sera derived from malignant mesothelioma patients. Plates were 
incubated overnight at 4°C or 4 hrs at room temperature, and then washed four times using 
plate washer. As a second step antibody, anti rabbit HRP (1:5000) (for the positive control) 
or anti-human HRP (1:8000) Ab at 100 pl/well diluted in Blocking Buffer were added. 

30 Plates were incubated for 2 hrs at room temperature and then washed six times. 
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The results are presented in FIG. 2, which shows the detection of WT1 -specific anti 
bodies in m esotheIio m a patients. The ft* two columns show the positive controls (WTd 9 
: and *™,). ^^.^^^^^^^^^^ 
serum. Tl, n^ainmg cohinms sJlow fc ^ for ^ ^ ^ 
; -th^ ig ^ tmesothelioffia SenffllsampIes S337 and S339 ^ ^ 

were greater than twice the mean of the ncWcontroi samp^ and thus were considered 
positive for malignant mesothelioma. 

; ™ S iHMrate *• - *— Wl ,o induce a WT. specific 

antibody response in vivo. 

Detect™ „f existent anybodies to w , „ ^ ^ 

,„ Wn»„ generated „ m . ce w , re ^ ^ a 

^positive tumor cell line „f B6 origin. Briefly, nrale B6 mice »ere 
x TOAMP-C cells subcutanec^d, a* b««ed mice 5 * cells a, three „eek 
. mtervals. Tiree ^ ^ ^ ^ ^ ^ - ; 

of wee pt^f i. »„ ,«„ medim (0IBC0) ^ 

serum; 

Mowing i..™™.™,™, ... TRAMP-C, a TO specific antibody respc** fa the 
of a WTl-speciSc antibody response in B6 mice M ^ , W1 

a»d 6 coa.ai.ed a Wn-specific posiUve co. M (N„„, ^ ^ Bfcledmo|ogy> 
polypeptide sparming 180 amino ^ of ^ ^ rf ^ ^ 

mtgratrng o„ fte We*™ Mo, a, approximately 52 kDa). The primary ^bod, rsed «s 
^"'^.^ofac^^ 

^^ d ™^^'i™>»^.ion,„WT, P „ lyp e pli deelici,sa„ 
immune response to the WT1 polypeptide. 
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53 Example 3 - Induction of Th and Anhbody Rtsfonsks jn Mice Immunized 
with WT1 Peptides 

This example illustrates the ability of immunization with WT1 peptides to elicit an 
immune response specific for WTL 

Peptides suitable for eliciting Ab and proliferative T cell responses were identified 
according to the Tsites program (Rothbard and Taylor, 1988; Deavin et aL r 1996), which 
searches for peptide motifs that have the potential to elicit Th responses. Peptides shown in 



Table 2 wefe synthesized and sequenced. 








Table 2 








Exemplary WT1 Peptides 






Peptide 


Sequence 


Comments 




Mouse: p6-22 


RDLNALLPAVSSLGGGG 
(SEQlDNO:13) 


1 mismatch relative 
human WT1 sequence 


to 


Human: p6-22 


RDLNALLPAVPSLGGGG 
(SEQIDNO:!) 






Human/mouse: pi 17-1 39 


PSQASSGQARMFPNAPYLPSCLE 
(SEQ ID NO:2 and SEQ ID NO:3) 






Mouse: p244-262 


GATLK6MAAGSSSSVKWTE 
(SEQIDNO:14) 


I mismatch relative 
human WT1 sequence 


to 


Human: p244-262 


GATLKGVAAGSSSSVKVVTE 
(SEQlDNO:4) 






Human/mouse: p287-301 


MHTHGVFRG1QDVR 

(SEQ ID NCU5 and SEQ ID NO:l 6) 






Mouse: p299-313 


VRRVSGVAPTLVRS 
(SEQlDNO:17) 


1 mismatch relative 
human WT1 sequence 


to 


Human/mouse: p42 1-435 


CQKKFARSDELVRHH 
(SEQIDNO:19 and SEQflPNOSO) 







For immunization, peptides were grouped as follows: 

Group A : p6-22 human: 10.9 mg in 1 ml (10 pi = 100 pg) 

pi 17-139 human/mouse: 7.6 mg in 1 ml (14 pi = 100 fig) 
p244-262 human: 4.6 mg in 1ml (22 ul = 100 pg) 
Group B : p287-301 human/mouse: 7.2 mg in 1 ml (14 yd = 100 jig) 
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mouse p299-313: 6.6 rag in 1 rnl (15 fOrM-P&..,, 
P42M35 human/mouse: 3.3 mg in l w&l&^ iQO pg) 
Control: (FBL peptide 100 jig) + CFA/IFA 
Control: (CD45 peptide 100 pg) + CFA/IFA 
5 Group A contained peptides present within the amino terminus portion of WTl (exon 

1) and Group B contained peptides present within the carboxy tern^mus, which contains a 
tour zmc finger region with sequence homology to other ^binding proteins. Within 

denved from exon 1 0, zinc finger IV. 

Peptide, we ^ h m ^ for tajecrion> ^ „ ^^unfeed J 
toes m toe intends of three weeks, Adjuvams used w« CFAflFA, GM-CSF. and 
Monunide. The presence of arrtibodies SKcific for WT, was then determined*, described in 
Examples 1 and 2, and proliferative T cell respc^ses were evaluated using a standard 
urynndine incorporation assay, in which ^ Clutoed ta - prKeDce rf ^ ^ 
pronferauon was evaluated by meas^ng incorporated radioacnVitv (Chen a „i 1994), In 
Pabular, lyrnphocv.es were cultured in 96-well plates a, 2 x 10* cells per well wnh 4 x ,0 s 
nradiated (3000 , ads) syngeneic spleen cells and the designated peptide. 

annbcdy response to WT,. A representative Western blot was performed mat illustrated the 

I«es 1, 3 tad 5 contained molecular weigh, markers, wim lanes 2, 4 and 6 showing a WTl '. 
^ecrfe positive control (N,,0, Cruz Biotechnology, polypeptide spanning .80 amino 
aetdsof tfcN-ternnnalr^ofthe WTl protein, migmtihg on the Wester, bio. a, 52 *Da) 
Tne pnmary antibody used was WTl 80 in lane 2, sera of nontonnmized B6 .nice in lane 4 
and sera of the immunized B6 mice in lar* 6. No antibodies w«e detected following - 
unmumzation to Vaccine B, which is consistent with a lack of helper T cell response from 
mumrnizauon with Vaccme B. PI ,7 ,3, elicited protifenmve T cell resr^nses (HO 3A 
HG. 3B, and FIG. 3Q. The stimulation indices (SI) varied between 8 and 72. Ofter 
Peptides (P6-22 and P299-, )3) als0 m ^ ,„ ^ ? ^ 
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Immunization with P6^22 resu^ 

P299-313 resuhed in a SI of 33. Positive controls included ConA stimulated T cells, as well 
as T cells stimulated with known antigens, such as CD45 and FBL, and allogeneic T cell 
lines (DeBiuijn et al y 1991). 
5 " FIG. 4A and FIG. 4B show the proliferative response observed for each of the three 
pqptide$ within vaccine A (FIG. 4A) and vaccine B (FIG. 4B). Vaccine A elicited prolifera- 
tive T- ttlX responses to the immunizing peptides p6-22 and pi 17-139, with stimulation 
indices (SI) varying between 3 and 8 (bulk lines). No proliferative response to p244-262 was 
detected (FIG. 4 A). 

10- 1 Subsequent in vitro stimulations were carried out as single peptide stimulations using 

only p6-22 and pi 174 39. Stimulation of the Vaccine A specific T cell line with pi 17-139 
resulted in proliferation to pi 17-1 39 witii no response to p6-22 (FIG. 5A). Clones derived 
from the line were specific for pi 17-139 (FIG. SB). By contrast, stimulation of the 
Vaccine A specific T cell line with p6-22 resulted in proliferation to p6-22 with no response 

15 to pi 17-139 (FIG. 5C). Clones derived from the line were specific for p6-22 (FIG. 5D). 
these results demonstrated that vaccination with WTl peptides can elicit an antibody 
response to WTl polypeptides, and a proliferative T cell response to the immunizing 
peptides. 

20 5.4 Example 4 - Induction of CXL Responses in Mice Immunized wrra WTl 
Peptides 

-This example illustratesAe ability of WTl peptides to elitit 

Nonameric peptides (9-mers) with motifs appropriate for binding to class I MHC 
.were identified using a variety of analytical methods, including BIMAS HLA peptide 
25 binding prediction analysis (Parker et al , 1 994). Peptides identified within such analyses are 
shown in Table 3 - Table 45. In each of these tables, the score reflects the theoretical 
binding affinity (half-time of dissociation) of the peptide to the MHC molecule indicated. 
• Peptides identified using the TSITES program (Rothbard and Taylor, 1988; Deavin et ah y 
1996), which searches for peptide motifs that have the potential to elicit Th responses are 
30 further shown in Table 46. 
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Table 3 

Human WT1 Peftudes to HUman HLA Al 

SnbsequenccResidue Listing Score (Estimate of Half Time of 

Bisassociation of a Molecule 



Rank 



Start 
Position 



Containing This Subsequence) 



■ : j . 

2 


137 


CLESQPAIR (SEQ ID NO:47) 


lo.VW 


80 


GAEPHEEQC (SEQIDNO:87) 


9.000 ; 




40 


FAPPGASAY (SEO H> N074"> 


5.000 


' 4 


354 


QCDFKDCER (SEO ID NO- 1 67\ 


5.000 


5 


2 


GSDVRDLNA f SEO ?n NO- inn 


3.750 


6 


152 


VTFDGTPSY f SFO in wrvxa/n 


2.500 ; 


7 


260 


WTEGOSNHS fSFO in wn^7\ 


2J250 


8 


409 


TSEKPFSCR fSFO m wn.-no\ 


1350' 


9 


73 


v x^ ° « uu/i \oE\£ iju N Or 125) 


1-350 


10 


386. 


KTCQRKFSR f SEO IB NO 19 jti 


. . 1.250 


H 


37 


VLDFAPPGA (SEQ ID NO:241) 


1.000 


12 


325 


CA YPGCNKR (SEQ ID NG:44) 


1.000 


13 


232 


QLECMTWNQ (SEQ IDNO.167) 


0.900 


14 


272 


ESDNHTTPI (SEQ ID NO:71) 


0.750 


15 


366 


RSDQLKRIIQ (SEQ ID NQ:1 93) 


0.750 


16 


222 


SSDNLYQMT (SEQ ID NO:217) 


0.750 


17 


427 


RSDELVRHH (SEQ ID NO: 1 9 1 ) 


0.750 


18 


394 


RSDHLKTHT (SEQ ID NO-.l 92) 


0.750 


19- 


317 


TSEKJRPFMC (SEQ ID NO.-233) 


0.675 


20 


213 


QALLLRTPY (SEQ IDNO:160) 


0.500 
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TABLK/4.. 

Results of BEVIAS HL A PeptipbKnding Prediction Analysis roRiiwiNG of 
Human WF1 Peptides to Human HLA A 0201 

Rank Start Subsequence Residue listing Score (Estimate of Half Time of 
Position Disassodation of a Molecule 

Containing TWs Subsequence) 



1 


126 


RMFPNAPYL (SEQJDNO:185) 


313.968 


2 


187 


SLGEQQYSV (SEQ IDN0214) 


285.163 


3 


10 


ALLPAVPSL (SEQ ID N034) 


181.794 


4 


242 


NLGATLKGV (SEQ lDNOtl46) 


159.970 


5 


225.. 


NLYQMTSQL (SEQ1D NO:147) 


68.360 


6 


292 


GVFRGIQDV (SEQ IDNCfcl03) 


51.790 


7 


191 . 


QQYSVPPPV (SEQIDNG-.171) 


22.56S 


s 


280 


1LCGAQYRI (SEQIDNO-116) 


17.736 


Q 




I^IYl 1 W IN V^lVli'i L« ^OCVc JUL/ JNV^-*»f/. 




10 


441 


NMTKLQLAL (SEQ ID NO-.149) 


15.428 


1) 


7 


DLNALLPAV (SEQ ID NO:58) 


11.998 


12 


227 


YQMTSQLEC (SEQ ID N025 1) 


8.573 : 


13 


239. 


NQMNLGATL (SEQ IDNO:151) 


8.014 


14 


309 


TLVRSASET (SEQ ID NCh226) 


7.452 


15 


408 


KTSEKPFSC (SEQIDNO:129) 


5.743 


16 


340- 


-LQMHSRKHT(SEQlDNO:139) 


4.752 


17 


228 


QMTSQLECM (SEQIDNO:169) 


4.044 


18 


93 


TVHFSGQFT (SEQ ID N0235) 


3.586 


19 


37 


VUDFAPPGA (SEQ IDN0241) 


3.378 


20 


86 


EQCLSAFTV (SEQ ID NO:69) 


3.068 
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Table 5 

Human WT1 Peptides to BuimuhAAims: 



10 

ii 

12 
13 
14 
15 

16 

17 

18 

19 



Start 
Position 



Subsequence Residue Listing 



10 

292 

126 

225 

239 

302 

441 

235 

187 

191 

340 

242 ; 

227 

194 

93 

280 

98 
309 

81 

73 



ALLPAVPSL (SEQ ID NO:34) 
y GYFRGIQDV (SEQ ID NO: 1 03) 
RMFPNAPYL (SEQ IDNO:l85) 
NLYQMTSQL (SEQ ID NO: 1 47) 
NQMNLGATL (SEQ ID NO: 1 51 ) 
RVPGVAPTL (SEQ ID NO: 1 95) 
NMTKLQLAL (SEQ ID NO:149) 
CMTWNQMNt (SEQ IDNO.49) 
SLGEQQYSV (SEQ ID NO:214) 
QQYSVPPPV (SEQ ID NO:] 71) 
LQMHSRKHT (SEQ ID NO: 1 39) 
NLGATLKGV (SEQlDNO:146) 
YQJvfTSQLEC (SEQ ID NO:251) 
SVPPPVYGC (SEQ ID NO:2I8) 
TVHFSGQFT (SEQ ID NO:235) 
ILCGAQYR1 (SEQ IDNO:i 16) 
GQFTGTAGA (SEQIDNO:99) 
TLYRSASET (SEQ IDNO.-226) 
AEPHEEQCL (SEQ IDNOSO) 
KQEPSWGGA (SEQ ID NO:125) 



Score (Estimate of Half Time of 
DisassociatioD of a Molecule 
Containi ng This Subsequence) 

42.Q00 

! 24.000 

21.000 

21.000 

16.800 

14.000 

7.OO0 

7.000 

6.00(1 

4.800 

4.080 

4.000 

3.600 

2.000 

2.000 

1.700 

1.200 

1.000 

0.980 

0.960 
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• Table 6 

Results ofWMAS HLA Pejftid^ for Rbwj^g of 



Human WTI Pefitoes to Human HLA A24 


Rank 


Start 


Subsequence Residue listing 


Score (Estimate of JIalf Time of 




Position 


Disassoaatnm of a Molecule 








Containing This Subsequence) 


1 




RVPGVAPTL fSEO ID NO 195\ 


16 800 


t» 


?i k 

Zf J o 


RTPY^HMl KFf>ID>IfM<i4S 








l^r JsJL^liKKr v>fcv Ik* rl MP J J 


17 AAA 


4 




T>HvTDT>XT A DVT /OCA ITS "MA* 

KMrr WAJr X L» (i>fcv£ 1U NU i op/ 


O AAA 


5 


326 


AYFCiCNKKY (ofcQ Il> NO:42) 




6 


270 


GYESDNHT (SEQ ID N(^I0p)Tj: 


7.500 


7 


239 


NQMNLGATL (SEQ ID NO: 15 1) 


7.200 


8 


10 


ALLPAVPSL (SEQ ID NQ-34) . 


7.200 


9 


130 


NAPYLPSCL (SEQ ID NO: 144) 


7.200 


10 


329 


GCNKRYFKL (SEQ IDNQ:90) 


6.600 


11 


417 


RWPSCQKKF (SEQ ID NO:196> 


6.600 


12 


47 


AYGSLGGPA (SEQlDNO:4I) 


6.000 


13 


180 


DPMGQQGSL (SEQ 1PN,0:5?) 


6.000 


14 


4 


DVRDLNALL (SEQID NO.62) 


5/760 


15 


285 


QYRIHTHGV (SEQ ID NO. 175) 


5.000 


16 


192 


QYSVPPPVY (SEQ ID NO:176) 


5.000 


17 


207 


DSCTGSQAL (SEQ ID NO:61) 


4.800 


18 


441 


NMTKLQLAL (SEQ ID NO: 149) 


4.800 


19 


225 


NLYQMTSQL (SEQ ID NO: 147) 


4.000 


20 


235 


CMTWNQMNL (SEQ ID NO:49) 


4.000 
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.... Table? 

Results of BJMAS^LA Peptide Bij^djwg Px^iCiioN Analysis Fok Binding 
Rank 



OF 



Start 
Position 



Subsequence Residue listing 



Score (Estimate of Half Time of 
Disassociation of a Molecule 



1 


436 


NMHQRNMTK (SEQ ID N014K^ 


40.000 


2 


240 


QMNLGATLK (SEO ID NalkW 


20.000 


3 


88 J 


CI^AFTVH^ 


6.000 


4 


126 


RMFFNAPYL f SEO ID MO 1 ik\ 


4,500 


5 


169 




4.500 


6 


10 


ALLPAVP91 /Qpn iri xt/-^^ W 


T" 4.050 


7 


' 137 


v^j^j^ov^x -rtiiv JUL) NC/I47) • 


■ - i s* 1100 ' 


8 


725 




* 3.060 .; 


9 


32 


M v w/vrvLUh (oEQ ID NO:37) 


2.700 


10 


280 


uA-UAyYKi (SEQ IDNQ:1 16) 


2.700 


11 


386 


KTCQRKFSR (SEQ IDNO:128) 


1.800 


12 


235 


CMTWNQMNL (SEQ ID NO:49) 


laoa 


13 


441 " 


NMTKLQLAL (SEQ ID NO: 149) 


1.200 


14 


152 


VTFDGTPSY (SEQ ID NO:244) 


1.000 


15 


187 


SLGEQQYSV (SEQIDN0214) 


0.900 


16 


383 


FQCKTCQRK (SEQ ID NO:80) 


0.600 


17 


292 


GVFRG1QDV (SEQ IDNO:103) 


0.450 


18 


194 


SVPPPVYGC (SEQ IDNO:2I8) 


.0.405 


19 


287 


RIHTHGVFR (SEQ ID NO:1 82)* 


0.400 


20 


263 


GQSNHSTGY (SEQ ID NO: 1 00) 


0.360 
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Ta?le8 ...... ... 

HwmanWTI Peitidesto Human HLA A68.1 



jvanK 


oiari 
Position^: 


oupsccjiieiice jKcsioue ijnung 


Score ^Estimate of Half Time of 
Disassodation of a Molecule 
Containing This Snbseqnence) 


! 


100 


FTGTAGAGR (SEQ ID NCH84) 


100.000 


2 


386 


KTCQRKFSR (SEQ lDNO*128) 


. ,.; 50.000 


. 3 


368 


DQLKRHQRR (SEQ DP NO.60) 


30.000 


4 


312 


RSASETSEK (SEQ ID NO: 190) 


18.000 


5 


337 ' 


LSHLQMHSR (SEQ © NO:14l) 


: 15.000 


6 


364 


FSRSDQLKR (SEQ ID NO:83) 


,. 15.000 


7 


409 


TSEKPFSCR (SEQ1DN(^232>; 


15.000 


8 


299 


DVRRVPGVA (SEQ ID NOc63) 


12.000 


9 


4 


DVRDLNALL (SEQ ID NO:62) 


12.000 


10 


118 


SQASSGQAR (SEQ n>NOai6) 


10.000 


11 


343 


HSRKHTGEK (SEQ IDNCfcl 1 1) 


9.0Q0 


12 


169 


AQFPNHSFK (SEQ ID NO:36) 


9.000 


13 


292 


OVFRGIQDV (SEQ IDNO-.103) 


8.000 


14 


325 


CAYPGCNKR (SEQ ID NO:44) 


7.500 


15 


425 


FARSDELVR (SEQ ID NO:75) 


7.500 


16 


354 


QCDFKDCER (SEQ ID NO:162) 


7.500 


17 


324 


MCAYPGCNK (SEQ !DNai42) 


6.000 


18 


251 


AAGSSSSVK (SEQIDNCk28) 


6.000 


19 


379 


GVKPFQCKT (SEQ ID NO:l 04) 


6.000 


20 


137 


CLESQPAIR (SEQ ID NO:47) 


5.000 
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Tabled 



HwyiAN WTl Peptides ToHuj^HIiA^lidl 



COF 



Start 
Position 





386 


2 




3 




4 






373 


o 


383 


1 


363 


o 

8 


240 


9 


287 


10 


100 


11 


324. 


12 


251 


13 


415. 


14 


118 


15 


292 


16 


137 


17 


425 


18 


325 


19 


312 


20 


65 



KTCQRKFSR (SEQ1DNQ:128) 
AQFFNHSFK (SEQ1DN0-36) 
NMHQRNMtK (SEQ IDNO.I48) 
KFSRSDHLK (SEQ ID NO.120) 
HQRRHTGVK (SEQ ID NO. 1 09) 
FQCKTCQRK (SEQ IDNCttO) 
RFSRSDQLK (SEQ lb NO:i78) 
QMNLGATLK (SEQ ID NO 1 68) 
RIHTHGVFR (SEQ ID NO:1 82) 
FTGTAGACR (SEQ ID NO:84) 
MCAYPGCNK (SEQ ID NO.142) 
AAGSSSSVK (SEQIDN0.28) 
SCRWPSCQK (SEQ ID NO:201) 
SQASSGQAR (SEQIDNO:2I6) 
GVFRGIQDV (SEQIDNO.103) 
CLESQPAIR (SEQ IDNO:47) 
FARSDELVR (SEQ ID NO.75) 
CAYPGCNKR (SEQ IDNO-.44) 
RSASETSEK (SEQ ID NO.190) 
PPPPHSFIK (SEQ ID NO: 1 56) 



Score (Estimate of Half Time of 
Dtsassociation of a Molecule 
Containing Thi s Snhseqnence) 

1.800 

1 .200 

0.800 

0;600. 

0.600 
0.600: 
0.600 
0.400 
0.240 
0.200 
0J20O 
0.200 
0.200 
0.120 
0.120 
0.080: 
0.080 
0.080 
0.060 
6.060 
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Table 10 

REsiiLTS DFBliviAS HLA Peptide Binding PiuspicroON Analysis f^kBinding of 
Human WT1 Peptides to Human HLA A 3101 

Rank Start Subsequence Residue listing Score (Estimate of Half Time of 
Position; Disassociation of a Molecule 

ContaiDifigTbisSiibseqiieiice) 



1 


386 


KTCQRKFSR (SEQ ff> NQ:128) 


9.000 


2 


287 


RIHIHGVFR (SEQ ID NO: 1 82). 


6.000 


3 


137 


CLESQPAIR (SEQ ID NO-.47) 


2.000 


4 


118 


SQASSGQAR (SEQ ID NQ:216) 


2.000 


5 


368 


DQLfcRHQRR (SEQ ID NO:60) 


1.200 


6 


100 


FTGTAGACR (SEQ ID NO:84) 


1.000 


7 


293 


VFRGIQDVR (SEQ ID NO:238) 


0.600 


8 


325 


CAYPGCNKR (SEQ ID NO.44) 


0.600 


9 


169 


AQFPNHSFK (SEQ ID NO:36) 


0.600 


10 


279 


PILCGAQYR (SEQlDNO:155) 


0.400 


11 


436 


NMHQRNMTK. (SEQ ID NO:148) 


0.400 


12 


425 


FARSDELVR (SEQ ID NO:75) 


0.400 


13 


32 


AQWAPVLDF (SEQ ID N037) 


0.240 


14 


240 


QMNLGATLK. (SEQ ID NO:168> 


0.200 


15 


354 


QCDFKDCER (SEQ ID NO: 162) 


0.200 


16 


373 


HQRRHTGVK (SEQ ID NO:109) 


0.200 


17 


383 


FQCKTCQRK (SEQ ID NO-.80) 


0.200 


18 


313 


SASETSEKR (SEQ ID NO: 197) 


0500 


19 


358 


KDCERRFSR (SEQ ID NO:l 1 8) 


0.180 


20 . 


391 


KFSRSDHLK (SEQ ID NO: 120) 


0.180 
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■■■ 1 
2 
3 

.:' 4 

5 
6 
7 
8 
9 
10 
11 

12 

13 

14 

15 

16 

17 

18 

19 
20 



TArajeil 

Human Wl Peptides to Human HLA A33d2 ' ' ' 

SubseqoenceR^eLbHng S^Estta.ate of Balf Ti^~ 

Dissociation of a Molecule 
Containing This Snfeeqnence) 



Rank 



Start 

Position. 



337 

409; 

364 
137 
368 

287 

210 

425. 

313 

293 

354 

100 

118 

325 
207 

139 
299 
419 
272 

4 



tSHLQMHSR (SEQ ID NO:I41) 
TSEKPFSCR (SEQ IDN0232) 
FSRSDQLKR (SEQ IDNO:83) 
CLESQPAIR (SEQ ID NO:47) 
DQLKRHQRR (SEQ ID NO:60) 
RWTHGVFR (SEQIDNO:182) 
TGSQALLLR (SEQ IDNOZzi) 
FARSDELVR (SEQ ID NO:75) 
SASETSEKR (SEQ ID NO:197) 
VFRGIQDVR (SEQ ID NO:238) 
QCDFKDCER (SEQ ID NO: 162) 
FTGTAGACR (SEQ ID NO:84) 
SQASSGQAR (SEQ ID NQ:2 1 6) 
CAYPGCNKR (SEQ JD NO:44) 
DSCTGSQAL (SEQ lb NO:61) 
ESQPAIRNQ (SEQ ID NO: 72) 
DVRRVPGVA (SEQ IDNO.63) 
PSCQKKFAR (SEQ ID NO:159) 
ESDNHTTTI (SEQ ID NO:7i) 
DVRDLNALL (SEQ ID NO-.62) 



15.00 
15 00p 

15:000 

9.000 

9.00Q 

4.500 

3.000, 

3.000 

3.000 

3.000 

3.000 

3.000 

3.000 

3.000 

1.500 

1.500 

1.500 

1.500 

l-50a 

1.500 
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i&sa^isoFi^^ ttsfnv^ Analysis for Binding of 



Human WTl Peptides to Human HLA B14 


Rank 


Start .. .. 


Subsequence Residue listing 


Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 


I 




T*i*T?ci?Qtv\i fQprv irv "wrv 1 ft TV 

JVJKx^JtVpXA/L* \jM2*£ *Mj **\JZ lot J 


1000 000 


z 


J>2 




100 000 


*> 

- 3 


423 


JUU* AKMJJbJL (i>JfcQ J If Np : I Zz) 


i ooo 


4 


390 


KJCr SRSDHL (SJbQ 11/ NO: 1 83) 


Ijv.Uw 


5 


439 


QKN^KLQL (SEQ ID NO:173) 


OA AAA 


6 


329 


GGNKRYFKL (SEQ ID NO;90) 


1A AAA 

lO.OOy 


7 


10 


ALLPAVPSL (SEQ ID NO:34X 


10.000 


8 


180 


DPMGQQGSL (SEQ ID NO:59) 


A A/\A 

9.000 


9 


301 


RRVPG VAPT (SEQ ID NO: 1 89) 


6.000 


10 


126 


RMFPNAPYL (SEQ ID NO: 1 85) 


5.000 


11 


371 


KRHQRIUilO (SEQ U-» NU.IZo). 


s non 


12 


225 


NLYQMTSQL (SEQ IDNO.147) 


,.- 5.000 


13 


144 


IRNQGYSTV (SEQ IDNO:l 1 7) 


4.000 


14 


429 


DELVRHHNM (SEQ H>NO;53) 


3.000 : 


15 


437 


MHQRNMTKL (SEQ ID NO: 143) 


3.000 


16 


125 


ARMFPNAPY (SEQ ID NO'3?) 


3.000 


17 


239 


NQMNLGATL (SEQ ID NO: 15 1) 


3.000 


18 


286 


YR1HTHGVF (SEQ IDNO:252) 


3,000 


19 


174 


HSFKHEDPM (SEQ IDNO:l 10) 


3-000 


20 


372 


RHQRRHTGV (SEQ IDNO:181) 


3.000 
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Table 13 

■ , ■■ Human WTl Peptipes WH^man HLAB40 



]: 
2 
... 3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 



Start 
Position 



Subsequence Residue Listing 



81 

429; 
410 
318 
233 

3 
349 

6 
85 

315; 

261 
23 
38 
273 
206 
24 
98 
30 
84 
26 



AEPHBEQCL (SEQ ID NO30) 
DELVRHHNM (SEQ *D&Q:53) 
SEKPFSCRW (SEQ II) NO:207) 
SEKRPFMCA (SEQ ID NO:208) 
LECMTWNQM (SEQ JD NOM3 1) 
SDVRDLNAL (SEQjIDNO:206) 
GEKPYQCDF (SEQ ID NO:91) 
RDLNALLPA (SEQ ID NO:177) 
EEQGLSAFT (SEQ ID NO:65) 
SETSEKRPF (SEQ ID NO.-209) 
TEGQSNHST (SEQ ID NO:22 1) 
GCALPVSGA (SEQ IDNO.89) 
LDFAPPGAS (SEQ ID NO: 130) 
SDNHTIPIL (SEQJD NO204) 
TDSCTGSQA (SEQ 1DNO:220) 
CALPVSGAA (SEQ ID NO:43) 
GQFTGTAGA (SEQ ID NO:9?) 
GAAQWAPVL (SEQ ID NO:86) 
HEEQCLSAF (SEQ JD NO: 1 07) 
LPVSGAAQW (SEQ ID NO:138) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing Tnis Subsequence) 

40.000 

24.000 

20.000 

15.000 

12^000 

10.000 

• 8.000 

5.000 

4.000. 

4.000 

4.000 

3.000: 

3.000 

2.500 

2.500 

2.000 

2.000 

2.000 ; 

2.000 
2.000 
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TABLE 14 . 

Results of BIMAS HLA Peptide Biiwing Prediction Analysis for Binding of 
Human WT1 Peptides to Hum anHLAB60 



Rank 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
fiisassodatioii of a Molecule 
Containing This Subsequence) 


i 


ki 

OJ 


afphffopt ^FjO rnisifv^ni 


lift Ann 

IW.VUv 


z 




Qnvuni "mat /cpn m xj/voa/tx 


4U.UUV 


*> 

5 




jUJbL V KxtHiN JV1 l^iil^JJJ jNU;53) 


4U.U0U 


A 

4 


233 


LECMTWNQM (SEQ IDNO: 13 1} 


22.000 


5 


■\.f " 
273 


SDNHTTPJL (SEQ ID NO;2W> 


, 20.000 


6 


209 


CTGSQALLL (SEQ IDNCh52) 


8.000 


7 


30 


GAAQWAPVL (SEQ ID NO:86) 


8.000 


8 


318 


SEKRPFMCA (SEQ ID NO:208) 


8.000 


9 


180 


DPMGQQGSL (SEQ ID NO:59> 


8.000 


10 


138 


LESQPAIRN (SEQ ID NO: 132) 


5.280 


1 1 


239 


"X.7r~\X Hill g~> A TT ' /ctnm vt/v if >\ 

NQMjNLOA 1 L (5>EQ ID NO: 151) 


it A f\t\ 

4.400 


12 


329 


GCNKRYFKL (SEQ IDNO.90) 


4.400 


13 


130 


NAPYLPSCL (SEQ ID NO: 1 44) 


4.400 


14 


85 


EEQCLSAFT (SEQ ID NO:65) 


4.400 


15 . 


208 


SCTGSQALL (SEQIDNO:202) 


4.000 


16 


207 


DSGTGSQAL (SEQ IDNO:61) 


4.000 


17 


218 


RTPYSSDNL (SEQIDNO:194) 


4.000 


18 


261 


TEGQSNHST (SEQ ID NCfc22I) 


4.000 


19 


18 


LGGGGGCAL (SEQ ID NO: 134) 


4.000 


20 


221 


YSSDNLYQM (SEQ IDN0253) 


2.200 



WOOj/62920 



Tcrmsotmioi 



no 



.Rank 



Table 15 

HUMAN \yTl PEfTlDIS TOHUMAN HLA B6l 
Subsequence Residue Listing 



Start 
Position 



- .1 ' " 
2 


318 


3 


429 
298 


4 


81 


5 


233 


6 


6 


7 


85 


8 


m 


9 


206 


10 


295 


]] 


3 


12 


250 


13 


29 


14 


315 


15 


138 


16 


244 


17 


20 


18 


440 


1? 


23 


20 


191 



SHCRPFMCA (SEQ IDNQ:208) 
DELYRHHNM (SEQ ID NQ:53) 
QDVRRVPGV (SEQ ID N&164> 
AEPHEEQCL (SEQ ID NO30) 
LECMTWNQM (SEQ ID NO: 131) 
JRDLNALLPA (SE$ ID NO:177) 
EEQCLSAFT (SEQ ID NO:65> 
TEGQSNHST (SEQ : ID NO:22 1) 
TDSCTGSQA (SEQ ID NO:220) 
RGIQDVRRV (SEQ ID NO: 179) 
SDVRDLNAL (SEQ IDNO206) 
VAAGSSSSV (SEQ ID NO:236) 
SGAAQWAPV (SEQ ID NO-21 1) 
SETSEKRPF (SEQ1D NO-i09) 
LESQPAIRN (SEQ ID NOil32) 
GATLKGVAA (SEQID NO:88) 
GGGGCALPV (SEQ ID NO:92) 
RNMTKLQLA (SEQ ID NO: 1 86) 
GCALPVSGA (SEQ IDNO:89) 
QQYSVPPPV (SEQ IDNb:171) 



Score (Estimale of Half Time of 
Dbassotiationofa Molecule 
Containing t his Subsequence) 

2O:OO0 
16.000 
10.000 
8.000 
8.000 
5.50O s 
4.000 
4.000 
2.500 
2.200 
2.000 
2.000 
2.000 
1.600 , 
1.200 
1 100 
1.100 
1.100 
1.100 
1.000 
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Table 16 

results of BEVfAS HLAPe#tii>]b BdwingTi^ of 
Human Wtl Peptides to Human HDLA B62 



Kank 


Mart 
Position 


oHDS£qu6Hce jkcsioiic juisuiig 


c^Mk ffvtimaie of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 


1 


146 


NQGYSTVTF (SEQ ID NO:l 50) 


. 211200 


2 


32 


AQWAPVLDF (SEQTDN037) 


96.656 


. 3 


263 


GQSNHSTGY (SEQ IDNO:100) 


96.000 


4 


88 


CLSAFTVHF (SEQ ID NO:48) 


96.000 


5 


17 


SLGGGGGCA (SfeQ WNO&15) 


•9.600 


6 


230 


NQMNLGATL (SEQ IDNO:i51) 


8.800. 


7 


191 


QQYSVPPPV (SEQ ID NO: 171) 


8.000 


8 


98 


GQFTGTAGA (SEQ lDNO:99) 


8.000 


9 


384 


QCKTCQRKF (SEQ ID NO: 163) 


6.000 


10 


40 


FAPPGASAY (SEQ ID NO:74) 


4.800 


11 


227 


YQMTSQLEC (SEQ lDNO:251) 


4.800 


12 


187 


SLGEQQYSV (SEQ lDNO:214) 


4.400 


13 


86 


EQCLSAFTV (SEQ IDNO:69) 


4.400 


14 


152 


VTFDGTPSY(SEQIDNO:244) 


4.400 


15 


101 


TGTAGACRY (SEQ lDNO:224) 


4.000 


16 


242 


NLGATLKGV (SEQ ID NO: 146) 


4.000 


17 


92 


FTVHFSGQF (SEQ ID NO:85) 


4.000 


i* 


7 


DLNALLPAV (SEQ ID NO:58) 


4.000 


19 


123 


GQARMFPNA (SEQ IDNO.98) 


4.000 


20 


280 


ILCGAQYRI (SEQ ID NO: 11 6) 


3:120 
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Table 17 



OF 



Rank 



Start 
Position 



Subsequence Residue Listing 



Score (Estimate of Half lime of 
Disassociation of a Molecule 



1 


ISO 


^«viov?v?OSL (SEQ ID NO:59) 


. 240.000 


2 


••4 ; -'v 


DVRDLNALL (SEQ ID NO:62) 


200.000 


3 


->UZ 


RVPGVAPTL(SEQIDNO:195) 


20.000 


4 


1A 

. JU 


GAAQWAPVL (SEQ ID NO: 86) 


12.000 


j 


239 


NQMNLGATL (SEQ ID NO: 151) 


: '* 12.000 


O 


130* 


NAPYLPSCL (SEQID NO:i44> 


12.000 


/ 


10 


ALLPAVPSL(SEQIDN0-34) 


" 12.000 


o 

5 


299 


DYRRVPGVA (SEQIDNO:63) 


5,000 


r\ 

y 


208 


SCTGSQALL (SEQ IDNO202) 


4.000 


1 A 
iU 


303 


VPGVAPTLV (SEQ ID NO.242) 


4.000 


11 

12 


18 


LGGGGGCAL (SEQ ID NOil34) 


4.000 


218 


RTPYSSDNL (SEQ ID NO: 194) 


4.000 


13 


20T 


DSCTGSQAL (SEQ ID NO:6 J) 


4.000 


14 


209 


CTGSQALLL (SEQIDNO-.52) 


4.000 


15 


329 


GCNKRYFKL(SEQIDNO:90) 


4.000 


16 


235 


CMTWNQMNL (SEQIDNO:49) 


4.000 


17 


441 


NMTKLQLAL (SEQ ID NO:149) 


4.000 


18 


126 


RMFPNAPYL (SEQ IDNOM85) 


. 4.000 


19 


225/ 


NLYQMTSQL (SEQIDNO:147) 


41000 " 


20 


143 


AIKNQGYST (SEQ IDNO:33) 


3.000 
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TABLE 18 : t • ■. ,w 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of 
Human Wtl Peptides to Human HLA B8 



Rank 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Dfcassociation'of a Molecule 

fnntainitW Tbis SllhsefluenCfit 
\^yMHwniiiig * Bum t7i#iLw%-»j«*-u 


I 


325J 


OCNKK Y JrKJL (Miy ID NU&V) 


t £ fifth 


2 


4 


DVkDLNALL (SEQ ID NO;62) 


fV AAA 

\ZVVO 


3 


316 


ETSEKRPFM (SEQ ID NO:73) 


3.000 


4 


180 


DPMGQQGSL (SBQ ID NCh59) 


1.600 


5 


208 


SCTGSQALL (SEQ ©NO:202). 


0.800 


6 


130 


WaPYLPSCL (SEQ IE>n6:144) 


0.800 


7 


244. 


GATLKGVAA (SEQ ID NO:88) 


0.800 


8 


30 


GAAQWAPVL (SEQ ID NO:86) 


O.8O6 


9 


299 


DVRRVPGVA (SEQ ID NO:63), 


0.400 


10 


420 


SCQKKFARS (SEQ IDNO200) 


0.400 


11 


387 


TCQRKFSRS (SEQ ID N021 9) 


0.400 


12 


225 


NLYQMTSQL(SEQ IDNO:147) 


0.400 


13 


141 


QPAIKNQGY (SEQIDNO:170) 


0.400 


14 


10 


ALLPAVPSL (SEQID N034) 


0.400 


15 


207 


DSCTGSQAL (SEQ ID NO:61) 


0.400 


16 


384 


QCKTCQRKF (SEQ ID NO: 1 63) 


0.400 


17 


136 


SCLESQPAI (SEQ ID NO:l?8) 


0300 


18 


347 


HTGEKPYQC (SEQ ID NO.112) 


0300 


19 


401 


HTRTHTGKT (SEQ ID NO:l 14) 


0.200 


20 


332 


KRYFKLSHL (SEQIDNO:127) 


0.200 
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Table 19 

Subsequence Residue Listing 



Start 
Position 



■ <t 


332 


KRYfKLSHL (SEQ ID NO:127) 


2 


362 


RKFSRSDQL (SEQ ID NO:187) 


3 


286 


YRIHTHGVF (SEQ ID NO:252) 


• 4 


125 


ARMFPNAPY (SEQ ID *K>-3X\ 


5 


375 


RRHTGVKPF (SEO ID N0 1 m 


6 


32 


: AOWAPVJLDF (SEO ID Noiti 


7 


301 


KRVPGVAPT fSEO in MO- 1 ao\ 


S 


439 


QKNMTKLOL (SEO TT> MO- 1 71 V 


9 


126 


RMFPNAPYL (SEO m >JO- 1 »<r* 


10 


426 


ARSDELVRH (SEO IDlMfViov 


11 


146 


NQGYSTVTF (SEQ IDNjO:150) 


12 


144 


UWQGYSTV(SEQ lDNOrl 17) 


13 


389 


QRKFSRSDH (SEQ ID NOJ72) 


14 


263 


GQSNHSTGY (SEQ IDNOrlOO) 


15 


416 


CRWPSCQKK (SEQ ID NO:50) 


16 


191 


QQYSVPPPV (SEQ IDNO.171) 


17 


217 


LRTPYSSDN (SEQ ID NO: 140) 


IS 


107 


CRYGPFGPP (SEQ ID NO:5 1) 


19: 


98 


GQFTGTAGA (SEQ IDNO-.99) 


20 


239 


NQMNLGATL (SEQ ID NO: 1 5 1 ) 



Score (estimate of Half Time of 
Pisassociatfon of a Molecule 
Conta ining This Subsequence) 

900.000 
900.000 
200.000 
200.000 
I8O.060 
100.000 
60.000 
60.000 
22.500 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
10.000 
10.000 
10.000 
10.000 
6.000 
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Table 20 

Results of BIMAS HLA PsraiKlta^ Analysis for Binding of 



Human WTl Peptides to Human HLA B 2705 


Rank 


Start 
Position 


Subsequence Residue listing 


Score (Estimate of Half Time of 
Uissssociaiion oi a xrioiecuif? .. 
Con taiBrog This Subsequence) 


i 




KRYFKLSHL fSEO ID"NCM27l 


30000.000 


z. 


IK) 


RRFSR^DOI fSEOroNCH&TY 


30000.000 


i 
o 






10000 000 


4 


Ait* * . 




7000 000 


5 


286 


I Kin Iliu Vr loiiv^ ID vhkj.ZojL) 


1000 000 

lWUV.Vvv 


6 




AKMr r N Ar Y SprKl ID NLn3o) 


TAAA 000 


7 


294 


FRGIQDVKR (SEQ ID NO: 5 1) 


1 AAA A Aft 


8 


432 


VRHHNMHQR (SEQ JD NO:243) 


1 AAIV AAA 

I wV.Wv 


9 


169 


AQFPNHSFK (SLv? ID NO Jo) 


1 AAA AHfl 


10 


375 


KRHlOVKrr (MjQ *D NU: too) 


OAft AAA 


j j 




HMFPNAPYI ^FO ID NO* 185^ 


750.000 


12 


144 


1RNQGYSTV (SEQ ID NO:l 17) 


600.000 


13 


301 


RRVPGVAPT (SEQ IDNO:189) 


600.000 


14 


32 


AQWAPVLDF (SEQ ID NO:37) 


500.000 


15 


191 


QQYSVPPPV (SEQ lDNO:171) 


300.000 


16 


373 


HQRRHTGVK (SEQ ID NO: 1 09) 


200.000 


I? 


426 


ARSDELVRH (SEQ 1D.N039) 


200.000 


IS 


3S3 


FQCKTCQRK (SEQ ID NO.80) 


200.000 


19 


239 


NQMNLGATL (SEQ ID NO: 151) 


200.000 


20 . 


389 


QRKFSRSDH (SEQ ID NO:172) 


200.000 
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Tabjle 21 



Results of BJMAS HLA Peptide Binding Prediction A^alv^s for Binding of 
Human WTl Peptides to Human HLA i 350j ' 



Rank Start Subsequence Residue Listing 
Position 



1 \y 


278 


2 


141 


3 


219 


■ 4 


327 


5 


163 


6 


180 


7 


221 


8 


26 


9 


174 


10 


82 


11 


213 


12 


119 


13 


4 




40 


15 


120 


16 


207 


17 


303 


18 


316 


19 


152 


20 


412 



TP1LCGAQY (SEQ IDNO:227) 
QPAIRNQGY (SEQIDNO.170) 
TPYSSDNLY (SEQ 10 n6:231) 
YPGCNKRYF (SEQ ID NO250) 
TPSHHAAQF (SEQ ID NO.-228) 
DPMGQQGSL (SEQ ID NO:59) 
YSSDNLYQM (SEQ lDNO:253) 
LPVSGAAQW (SEQ IDNO:138) 
HSFKHEDPM (SEQ ID NO: 110) 
EPHEEQCLS (SEQ ID NO:68) 
QALLLRTPY (SEQ ID NO: 1 60) 
QASSGQARM (SEQ IDNO:161) 
DVRDLNALL (SEQ ID NO:62) 
FAPPGASAY (SEQ ID NO-.74) 
ASSGQARMF (SEQ 1DNO:40) 
DSCTGSQAL (SEQ ID NO:61 ) 
VPGVAPTLV (SEQ ID NO:242) 
ETSEKRPFM (SEQ IDNO:73) 
VTFDGTPSY (SEQ ID NO:244) 
KPFSCRWPS (SEQ IDNO:123) 



Score (Estimate of Half Time of 
JDisassotiation of a Molecule 
Containing This Subsequence) 



40.000 

40.000 

40000 

20.000 

20.000 

20.000 

20.000.. 

10.000 

10.000 

6.000 . 

6.000 

6.000 

6.000 

6.000 

5.000 

5.000 

4.000 

4.000 

4.000 

4.000 
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Table 22 . 

r j^iiiitS of BBMAS HLA PEttmi Binding Pre0Icti6n Analysis for Binding of 
Human Wri ^eitides to Human HLA B 3701 



Rank 


Start 


Subsequence Residue Listing 


Score (Estimate of Half Unite of 
Containing This Subsequence) 


1, 


3 


SDVRDLNAL (SEQ ID NO306) 


40.000 


2 


273 


SDNHTTPIL (SEQtoNCh204) 


40.000 


3 


81 


AEPHEEQCL (SEQ It) NO:30) 


10.000 


4 


298 


QDVRRVPGV (SEQ ID NO:164) 


8.000 


5 


42$ ; ^ 


SDELVRHHN (SEQIDNO203) 


6.000 


6 


85 


fiEQCLSAFT (SEQ ID NG;65) 


5.000 


7 


208 


SCTGSOAIX (SEO IDN(h202> 


5.000 


O 


4 


DVRDLNALL fSEO IDNO'62^ 


5.000 


9 


209 


CTGSOALLL fSEO ID NO- 52V 


5.000 


10 


38 


LDFAPPGAS (SEOIDNO130V 


4.000 


11 


223 


SDNLYQMTS (SEQ1DNO:205) 


4.000 


12 


179 


EDPMGQQGS (SEQ ID NO:64) 


4.000 


13 


206 


TDSCTGSQA (SEQ IDNO.220) 


4.000 


14 


6 


RDLNALLPA (SEQ IDNO:177) 


4.000 


15 


84 


HEEQCLSAF (SEQ 1DNO.107) 


2.000 


16 


233 ; 


LECMTWNQM (SEQ IDNO:131) 


2.000 


17 


429 


DELVRHHNM (SEQ ID NO:53) 


2.000 


18 


315 


SETSEKRPF (SEQ ID NQi209) 


2.000 


19 


349 


GEKPYQCDF (SEQ ID NO:91 ) 


2.000 


20 


302 


RVPGVAPTL (SEQ ID Nft 1 95) 


1.500 
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Table 23 

OFBIMAS BDLA Peptide Binding Prediction Analysis for Binding 
Human WT1 Peptides toHuman HLA B 3801. 



Rank 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Disassbciafiori of a Molecule 
Containing This Subsequence) 


1 


437- 


v M s^^v ,J ^ 4 l >k (5>£Q ID NO: 143) 


36.000 


21 


434 


r fUJivMHyKNM (5>EQ ID NO: 108) 


P 6,000 


3 


372 


iUiv^KJKKJ u V (SEQ ID NO: 1 8 1) 


6,000 


4 




DPMGQQGSL (SEQ ID NO:59) 


4.000 






RHHNMHQRN (SEQ ID NO: 1 80) :, 


3.900 


O 


J 03 


SHHAAQFPN (SEQ ID NO:213) 


3.900 


/ 


202 


CHTPTDSCT (SEQ ID NO.45) 


3.000 


D 


396 


DHLKTHTRT (SEQ lb NO:57) 


3.000 


y 


161 


GHTPSHHAA (SEQ ID NO:94) 


3.000 


10 


302 


RVPGVAPTL (SEQ ID NO 1 95) 


2.600 


11 


417 


RWPSCQKKF (SEQ ID NO: 1 96) 


2^400 


12 


327 


YPGCNKRYF (SEQ ID NO:250) 


2.400 


13 


208 


SCTGSQALL (SEQ IDNO202) 


2.000 


14 


163 


TPSHHAAQF (SEQ ID NO:228) 


2.000 


15 


120 


ASSGQARMF (SEQ ID NO:40) 


2.000 


16 


18 


LGGGGGCAL (SEQ ID Nft 1 34) 


2.000 


17 


177 


KHEDPMGQQ (SEQ ID NO:121) 


1.800 


18 


83 


PHEEQCLSA (SEQ ID NO: 1 54) 


1.800 




10 


ALLPAVPSL (SEQ ID NO:34) 


1300 


20 


225 


NLYQMTSQL (SEQ ID NO: 147) 


1300 
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. TABLE 24 ~ : 

Results ovBJMASJnJi^rrinil^bWG T^dictionAnalysis forBinmng of 
Human WT1 Peptides to Human HLA B 3901 



Rank 


Start 
r osi Don 


Subsequence Residue Listing 


Score (Estimate of Half Time of 

JLnsassociauvn 01 a iwoicvtiic 
Containing This Subsequence) 


1 


437 


MHQRNMTKL (SEQ ID NO: 143) 


? 135.000 


2 


332 


KRYFKLSHL (SEQ ID NO: 127) 


■ ' 45.000 


3 


434 


HHNMHQRNM (SEQ; ID NO: 108) 


30.000 


4 


362 


RRFSRSDOL ( SEO ID NO* 1 8T> 


30:000 






RHOHRRTOV f ^FO ID NCV 1 R 1 V 


30.000 


V 


to 


At 1 PAVP^T fWO in 


9 ooi> 


/ 




V^JNJNIVl J JTvJOV^J-/ ^ODy li/ INI/, I / jy 


7 SOft 


0 
o 






o.uuv 


o 






6 000 


in 






5 000 


11 


423 


KKFARSDEL f SEO ID NO- 1 


6.000 


12 


126 


RMFPNAPYL (SEQ lt> NO: 1 85) 


6.000 


13 


225 


NLYQMTSQL (SEQ D>NO:147) 


6.000 


14 


180 


DPMGQQGSL (SEQ ID NO:59) 


6.000 


15 


144 


JRNQGYSTV (SEQ IDNOrl 17) 


5.000 


16 


136 


SCLESQPA1 (SEQ IDNO:i98) 


4.000- 


17 


292 


GVFRGIQDV (SEQ IDNO-.103) 


3.000 


18 


302 


RVPGVAPTL (SEQ ID NO:195) 


3.000 


19 


208 


SCTGSQALL (SEQ 1DNO:202) 


3.000 


20 


207 


DSCTGSQAL (SEQ IDNO:6I) 


3.000 



WO0J/W92© 
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Table 25 



1 

2 
3 

:'• '4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
16 
17 
18 
1? 
20 



Start 
Position 



Subsequence Residue Listing 



23? 
390 
423 
32 
146 
130 
225 
30 
441 
302 
126 
218 
209 
332 
180 
437 
207 
208 
329 
10 



NQMNLGATL(SEQlDNO:151) 
RKFSRSDHL (SEQ ID NOil 83) 
KKFARSDEL (SEQ ID NO:l22f 
AQWAPVLDF (SEQ ID NO:37) 
NQGYSTVTF (SEQ ID NO: 1 50) 
NAPYLPSCL (SEQ lDNO:144) 
NLYQMTSQL (SEQ ID NO: 147) 
GAAQWAPVL(SEQIDNO:86) 
NMTKLQLAL (SEQ JD Na 149) 
RVPGVAPTL (SEQ ID NO: 1 95) 
RMFPNAPYL (SEQ ID NO: 1 85) 
RTPYSSDNL (SEQ ID NO: 194) 
CTGSQALLL (SEQ ID NO:52) 
KRYFIOSHL (SEQID NO:127) 
DPMGQQGSL (SEQ ID NO:59) 
MHQRNMTKL (SEQ ID NO: 1 43) 
DSCTGSQAL (SEQ IDNO:61) 
SCTGSQALL (SEQ ID NO202) 
GCNKRYFKL (SEQ ID NO:90) 
ALLPAVPSL (SEQ ID NO:34) 



Score (Estimate of Half Time of 

Pisassociation of a Molecule 
Containing This Subsequence) 

24.000 

20.000 

! 20.000 

5.000 

5.000 

2.400 

2.400 

2.400 

2:400 

2.400 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 

2.000 
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• v Table 26 

JbesuLTS of BIMAS HLA Peptide Binding jwroictioisf Analysis for Binding of 
Human WI1 PijttoestoHumanHLA B 4403 



Rank 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half lime of 
Disassoria1k>n of a Molecule 

fj-oniaiDBBg i ni> oODScqnence^ 


« .• 
r- 


315 


SETSEKKPF (SEQ IDcNO£Q9) 


80.000 




349'; 


GEKPYQCDF (SEQ D> NO:?l> 


. - 80.000 


. 3 


84 


HEEQCLSAF (SEQ ID NO: 1 07) 


60.000 


4 


410 


SEKPFSCRW (SEQ ID NO:207) 


48.000 


5 


429 


DELYRHHNM (SEQ ID NO:53> 


■ 24.000 


6 


278. 


"iwLCGAQY (SEQ IDNO:227) 


15.000 


7 


141 


QPA1RNQGY (SEQ ipNO:170) . 


9.000 


8 


40 


FAPPGASAY (SEQ ID NO:74) 


9.000 


9 


213 


QAIXLRTPY (SEQ ID NO.160) 


9.000 


10 


318 


SEKRPFMCA (SEQ ID NO:208) 


8.000 


11 


81 


AEPHEEQCL (SEQ IDNO30) 


8.000 


12 


152 


VTFDGTPSY (SEQ lDNO:244) 


4.500 


13 


101 


TGTAGACRY (SEQ ID NO:224) 


4300 


14 


120 


ASSGQARMF (SEQ ID NO-.40) 


4300 


15 


261 


TEGQSNHST (SEQ ID N0^21) 


4.000 


16 


85 


EEQCLSAFT (SEQ IDNO-.6S) 


4.000 


17 


233 


LECMTWNQM (SEQ ID NO: 131) 


4.000 


18 


104 


AGACRYGPF (SEQ ID NO/31) 


4.000 


19 


3 


SDVRDLNAL (SEQ ID NO:206) 


3.000 


20 


185 


QGSLGEQQY (SEQ ID NO: 166) 


3.000 
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Table 27 



JO 

Ji 

J2 
13 
14 
15 

16 

17 

18 

19 



Start 
Postilion 



Subsequence Residue listing 



303 
180 
250 
130 
30 
20 
64 
29 
18 
295 
119 
418 
82 
110 

27 ? 
306 

280 
219 
128 
204 



VPG VAPTLV (SEQ ff> NQ:242) 
DPMGQQGSL (SEQ IDNGt59); 
VAAGSSSSV (SEQ ID NQ:236) 
NAPYLPSCL (SEQ lb NO: 144) 
GAAQWAPVL (SEQ ID NO: 86) 
GGGGCAJLPV (SEQ IDNO;92) 
. PPPPPHSFI (SEQ ID NO:i57) 
. SGAAQWAPV (SEQID NO:2I i) 
LGGGGGCAL (SEQ ID NO:134) 
RGIQDVRKV (SEQID NO:179) 
QASSGQARM (SEQ ID NO: 161) 
WPSCQKKFA (SEQ ID N0246) 
EPHEEQCLS (SEQ ID NO:68) 
GPFGPPPPS (SEQIDNO:96) 
ESDNlfTTPI (SEQIDNO:71) 
VAP1XVRSA (SEQ ID NCh237) : 
ILCGAQYRJ (SEQ JD NO: 1 16) 
TPYSSDNLY (SEQ Lp NO:23 1) 
FPNAPYLPS (SEQID NO:7?) 
TPTDSCTGS (SEQIDNCh230) 



Score (Estimate of Half Time of 

Disassocialion of a Molecule 
Containi ng This Subsequence) 

314.600 

242.000 

157.300 

50.000: 

50.000 

. 44.000 

40.000 

40.000 

31.460 

22.000 

18.150 

12.100 

12.10ft. 

11.000 

8.000 

7.150 

6.921, 

6.600 

6.500 

6.050 



PCT/OS017B5702 
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RE^ FORBtiWINC OF 

iaoi^ HptoVes to Human WLA B 51 02 

Rank Sfert Subsequence Residue Listing Score (Estimate of Half lime of 
Position Disassociation of a Molecule 

^ r ^: : - >, Containing This Subsequence) 



1 


295 


RGIQDVRRV (SEQIDNO:179) 


290.400 


2 


303 


VPGVAPTLV (SBQ1DN0:242) - : ; 


0 200^000 


3 


180 


DPMGQQGSL (SEQ ID NOS9) 


133J00 


4 


250 


VAAGSSSSV (SEQIDNO-.236) 


110.000 


■ -j 


• 30-- 


. ■- GAAQWAPVL (SEQ ID.NO:86) 


55vOOO 


O: • 




NAPYTJ^(3 J ifSEOroNO*i44> '= 


50.000 


7 




GGGGCALPV (SEO ID NO:92Y 


' 44:000 






SGAAOWAPV f SEG> ID "foO:21 11 


• *"'■ 44.000 


9 


64 


PPPPPHSFI (SEQ ID NO: 157} 


Atinnii 


io 


119 


QASSGQARM (SEQ lDNO:16l) 


36300 


11 


110 


GPFGPPPPS (SEQ IDNO-.96) 


27.500 


12 


412 


KPFSCRWPS (SEQIDN6-.123) 


25.000 


13 


18 


LGGGGGCAL (SEQ ID NO: 134) 


24.200 


14 


24 


CA1PVSGAA (SEQ IDNO:43) 


16.500 


15 


219 


TPYSSDNLY(SEQIDN0231) 


15.000 


16 


292 


G VFRGIQDV (SEQ ID NO: 1 03) 


14.641 


17 


136 


SCLESQPAI (SEQ IDNO:198) 


14.520 


18 


418 


WPSCQKKFA (SEQ ID NO-i46) 


12.100 


19 


269 


TGYESDNHT (SEQ IDNOi225) 


11.000 


20 


351 


KPYQCDFKD (SEQ IDNO:124) 


11.000 
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Table 29 ' . 

Res^^ 

Human WTXPei^ 



Rank 



Start 
Position 



Subsequence Residue Listing 





191 






3 






'. *" '* 


5 


ft£ 
60 






7 




ft 
0 


292. 




29 


10 


146 


11 


20 


12 


239 


13 


64 


14 


273 


15 


286 


16 


269 


17 


406 


IS 


327 


19 


7 


20 


104 



QQYSVPPPV (SEQ ID NG:171) 
AQWAPVLDF(SEQIDN(>37)i 
LGATLKGVA (SEQ H>NO:133) 
VPGVAPTLV (SEQ ID NO:242) 
EQCLSAFTV (SEQ ID NO:6?) 
RGIQDVRRV (SEQ ID NO:J79) 
... GQFTGTAGA (SEQ ID NO-.99) 
f GVFRGIQDV (SEQ ID NO:103> 
SGAAQWAPV (SEQ ID NOSM) 
NQGYSTVTF (SEQ ID NO: 150) 
GGGGCALPV (SEQ ID NO-.92) 
NQMNLGATL (SEQ ID NO: 1 5 1 ) : 
PPPPPHSFI (SEQIDNQ:I57) 
SDNHTTP1L (SEQ ID NO:204) 
YR1HTHGVF (SEQ ID NQ552) 
TGYESDNHT (SEQ ipNQ:225) 
TGKTSEKPF (SEQ ID NO:222) 
YPGCNKRYF (SEQ ID NCh25Q) 
DLNALLPAV (SEQ ID NCfc58) 
AGACRYGPF (SEQ1DN031) 



Score (Estimate of Half Time of 
Wsassodation of a MoJecpJe 
Contaihing This Subsequence) 



100.000 
i 30.000 
; 16.500 

13-500 

12.000 
% 10.000 

8.250 
i 8.25fr 

6.000 

5.500 

5.000 

4.000 

3.600 

3300 

3.000 

3.000. 
2.750 
2.750 
2.640 
2.500 
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Results of BIMAS HLA PErtftbE Binding Pi^ii^mr' Ak^i^ for Binding of 
Human WT1 Peptides to Human HLA B 5801 



Rank 


Start 
Position 


Subsequence Residue listing 


Score (Estimate of Half Time of 
Disassociation of a Molecule 

\^ujj in jii inc .1019 ouiwct|iicocc^ 


i 






9d»wQ 


Z 


yz 


J* 1 VJnLT oUv^r (ofcVJ ID rlV. 00} 




3 


120 


ASSGQARMF (SEQ ID NO:40) 


40.000 


4 


168 


AAQFPNHSF (SEQ ID N029) 


20.000 


5 


408 


KTSEKPFSC (SEQ JDNCfcl29) 


12.000 


6 


394 


RSDHLKTOT(SEQIDNO:192) 


9.900 


7 


276 


HTIPILCGA (SEQ W NQ: 115) 


7.200 


8 


218 


RTPYSSDNL (SEQ IDNO:194) 


6.600 


9 


152 


VTFDGTPSY (SEQ ID NOr244) 


6.000 


10 


40 


FAPPGASAY (SEQ ID NO:74) 


6.000 


1 J 


213 


QALLLRTPY (SEQ ID NO: 160) 


.4.500 


12 


347 


HTGEKPYQC(SEQIDNC>:112) 


4.400 . 


13 


252 


AGSSSSVKW (SEQ ID NO:32) 


4.400 


14 


211 


GSQALLLRT (SEQ ID NO: 1 02) 


' 4356 ' 


35 


174 


HSFKHEDPM (SEQ ID NO: 1 10) 


4.000 


^ 


317 


TSEKRPFMC (SEQ ID NO:233) 


4.000 


17 


26 


LPVSGAAQW (SEQ ID NO: 1 3 8) 


4.000 


18 


289 


HTHGVFRGI (SEQ 1DN0:1 13) 


3.600 


19 


222 


SSDNLYQMT (SEQ ID NO:21 7) 


3300 


20 . 


96 


FSGQFTGTA (SEQ ID NO.82) 


3300 
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Table 31 



GOF 



Rank 



Start 
Position 



uence Residue Listing 



1 

2 


id 


3 




4 




c 
J 


239. 


£ 
O 


225 


/ 


180 




362 


9 


329 


10 


286 


11 


30i 


12 


24 


13 


136 


14 


437 


15 


390? 


16 


423 


17 


92 


18 


429 


19 


130 


20 


30 



ALLPAYPSt (SEQip N034) 
KRYFKLSHL (SEQ; ID Np: 127)' • 
RMFPNAPYL (SEQ ID NO: 1 85> 
SDVRDLNAL (SEQ ID Npr206) 
NQMNLGATL (SEQ lb NO: i 51) 
NLYQMTSQL (SEQ ID NO: 147),, 
DPMGQQGSL (SEQ| ID NO:5?) - 
HRFSRSDQL (SEQ iDNO:l*7) 
GCNKRYFKL (SF]Q ID NO:90) 
YR1HTHGVF (SEQ ID NO:252) 
RRVPGVAPT (SEQ ID NO: 1 89) 
CALPVSGAA (SEQ 1DNO.-43) 
SCLESQPAI (SEQ ID NOtl98) 
MHQRNMTXL (SBQIDNO:i43) 
RKFSRSDHL (SEQ ID NO: 1 83) ' v 
KKFARSDEL (SEQ ID NO: 122) 
FTVHFSGQF (SEQ ID NO:85) 
DELVRHHNM (SEQ IDNO:53) 
NAPYLPSCL (SEQ ID NO: 1 44> ' \ 
GAAQWAPVL (SEQ ID NO:86) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Snbseqnence) 

ioo;ooo 

48.000 
36.000 
30.000 
24.000 
24.000 
: < 20.000 
12.000 

10.00a 

10.000 
10.000 
10.000 
7300 
7.200 
6.000 
6.000 
5.000 
5.000 
4.806 
4.000 



127 

\ Table 32 

rkiil^ofbimas hla ito^i^ 

Hui^ VtTl PtpiiDESTo Human HXA CW0401 

Rank Start Subsequence Residue listing Score (Estimate of Half Time of 
Position ©isassociatipn of a Molecule 

y Containing ThbSubseqaeoce) 



1, 


356 


DFKIXIERRr \*>tA^ IL> NUjj} 


190000 


2 


334 


YFKLSHLQM (SEQ ID NQ248) 


lUv«WV 


3 


180 


DPMGQQGSL (SEQ ID NO:59) 


do ir\AA- 

. 88.000 


4 


163 


TPSHHAAQF (SEQ ID N0228) 


.. - 52.800 


' 5 


327 


WGC^KJIYF(SEQ1DNO:250) 


- ' a "-40:000 


6 


285 


QYRIHTHOV (SEQ ID NO-.175) 


. 27500 


7 


424 


KFARSDELV (SEQ lDNO:i 19) 


35.000 


8 


326 


AYPGCNKRY (SEQ IDNO.42) 


25.000 


9 


192 


QYSVPPPVY (SEQ ID NO: 176) 


25.000 


10 


417 


RWPSCQKKF (SEQ ID NO: 196) 


22.000 


11 


278 


TP1LCGAQY (SEQ ID NO:227) 


12.006. 


12 


10 


ALLPAVPSL (SEQ ID N034) 


11.616 


13 


141 


QPAIRNQGY (SEQ IDNO:l 70) 


11.000 


14 


303 


VPGVAPTLV (SEp ID N0242) 


1L00O 


15 


219 


;tpyssdnly (SEQ ID NO:23 1) 


10.000, 


16 


39 


T>FAPPGASA~(SEQ lD^O:54) 


- ~ 7520 


17 


99 


QFTGTAGAC (SEQ lDNO:165) 


6.000 


18 


4 


DVRDLNAIX (SEQ ID NO:62) 


5.760 


19 


70 


SF1KQEPSW (SEQ 1DNO:210) 


5500 


20 


63 " 


PPPPPPHSF (SEQ n>NO:158) 


5.280 
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TABLE 33 

Itesuurs ofBIMASHIA Peitide Binding Prkmchon Analysis forking of 
Human WT1 Peptides to Human HLA CW0602 



Kank 



Start 
Position 



Subsequence Residue Listing 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



1. 


332 


KRYFKLSHL (SEQ ID NO: 1 27) 


y.oov 


2 


239 


NQMNLGATL (SEQ IDNO-151) 


o.dUO 


3 


130 


NAPYLPSGL (SEO JD NO 144Y 






DLNAtLPAV fSFO riS Wv^ffi 


4 


7 


6.000 


5 


441 


NMTKLOI Al f\FO in i ao\ 


6.000 


6 


225 


i yixi i oVft* {ojcvj 1 ju Nl>: 1 47) 


6.000 


7 


4 


V v JVL/JUJ'f /\JL»JL» loJC4^ JUL) NU:62) 


6.00Q 


8 


3 


v iwJuriAL {ojbvj ID NO:206) 


4.400 


9 


10 


AI 1 PAVPQI ^QnAinvTA.OiiN 
'VjujL.jr /\ v roju IL' N034) 


4.000 


10 




QALLLRTPY (SEQ ID NO: 1 60) 


3300 


11 


319 


EKRPFMCA Y (SEQ ID NO:67) 


3.000 


12 


30 


GAAQWAPVL (SEQ ID NO:86) 


2.200 


13 


242 


NLGATLKGV (SEQ ID NO:146) 


2.200 


14 


292 


GVFRGIQDV (SEQ ID NO:103) 


2.200 


15 


207 


DSCTGSQAL (SEQ IDNO:61) 


2.200 


16 


362 


RRFSRSDQL (SEQ ID NO: 1 87) 


2.200 


17 


439 


QRNMTKLQL (SEQ ID NO: 1 73) 


2.200 


18 


295 


RGIQDVRRV (SEQ ID NO:179) 


2.200 


1? 


423 


KKFARSDEL (SEQ ID NO: 122) 


2.200 


20 


180 


DPMGQQGSL (SEQ ID NO:59) 


2.200 
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MISSING At THE TOMB OF PUBtltATldN 
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Table 35 



Rank 



Start 
Position 



Subsequence Residue Listing 



1 


235 


2 


126 


3 


221 


4 


228 


5 


239 




441 


7 






IjO 


o 


I /*! 


10 


302 


11 


130 


12 


10 


13 


208 


14 


209 


15 


238 


16 


218 


17 


24 


18 


18 


19 


142 


20 


30 



<5fFWNQMNL (SEQ 1DNO-49) 
RMFPNAPYL (SEQ ID NO: 185) 
YSSPNLYQM (SEQIDNb353) 
QMTSQLEGM (SEQ ID NOM 69) 
NQMNLGATL (SEQ ID NO:151) 
NMTKLQLAL (SEQ ID NO: 149) 
MHQRNMTKL (SEQ ID Nai43) 
SGLESQPAI (SEQ ID NO:I98) 
HSFKHEDPM (SEQ lb NO:l 10) 
RVPGYAPTL (SEQIDNO:195) 
NAPYLPSCL (SEQ ID NO:144) 
ALLPAVPSL (SEQ ID N034) 
SCTGSQALL (SEQ ID NCh202) 
CTGSQALLL (SEQ ID NO:52) 
WNQMNLGAT (SEQ ID NO:245) 
RTPYSSDNL (SEQ ID NO: 1 94) 
CALPVSGAA (SEQ ID NO:43) 
LGGGGGCAL (SEQ ID NO.I34) 
PA1KNQGYS (SEQlDNO:152) 
GAAQWAPVL (SEQ ID N0.86) 



Score estimate of Half Time of 
lHsasibciation of a Molecule 
Containi ng This Subsequence) 

5255.712 

199080Q 

930.000 

33.701 

21.470 

19.908 

19.837 

,11.177 

10.800 

10.088 

8.400 

5.988 

4.435 

3.548 

3300 

3.185 

2.851 

2.177 

2.160 

6XO 



WO01/62920 



PCT/USM/G57©2 



" Table 36 .... ; % : / ., 

I^ults of BIMAS HLA Peftede Binding PRroicnqw Analysis for Binding of 
Human wn Peftid3es to Mouse MHC Class I Dd 



Rank 


"Star! 

Old! t 

Position 




Score (Estimate of Half Time of 
Disassociation of a Molecule 
CootainiBgTbb Snbsequence) 


1 


112 


FGPPPPSQA (SEQIDNO:76) 


48.000 


2 


122 


SGQARMFPN (SEQ ID NO:212) 


36.000* 


3 


104 


AGACRYGPF (SEQ ID N03 1) 


30.000 


4 


218 


RTPYSSDNL (SEQ IDNO: 194) 


28.800 


5" 


130 


WSPYLPSCL (SEQ lDi?ttl44) 


' 7 20.000 


6 


302 


RVPGVAPTL (SEQ ID NO: 195) 


20.000 


7 


18 


LGGGGGCAL (SEQ ID NO:l 34) 


20.000 


8 


81 


AEPHEEQCL (SEQ ID NO30) 


10.000 


9 


29 


SGAAQWAPV (SEQ ID NO:2 1 1) 


7.200 


10 


423 


KKFARSDEL (SEQ IDNO: 122) 


7.200 


n 


295 


RGIQDVRRV (SEQ ID NO: 1 79) 


7.200 


12 


390 


RKFSRSDHL (SEQ lDNO:183) 


6.000 


13 


332 


KRYFKLSHL (SEQ IDNO-.127) 


6.000 


14 


362 


RRFSRSDQL (SEQ ID NO:l 87) 


6.000 


15 


417 


RWPSCQKKF (SEQIDNO:196) 


6.000 


16 


160 


YGHTPSHHA (SEQ ID NO:249) 


K000 


17 


20 


GGGGCALPV (SEQ IDNO.92) 


6.000 


18 


329 


GCNKRYFKL (SEQ ID NO:90) 


5.000 


19 


372 


RHQRRHTGV (SEQ ID "NO: 1 81) 


4.500 


20 


52 


GGPAPPPAP (SEQ ID N0.93) 


4.000 
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Kank 


Start 




Position 




329 


2 


225 


3 


420 : 


4 


218 


5- 


437 


6 


387 


7 


302 


8 


130 


9 


289 


iO 


43 


n . 


155 


12 




13 


126 


14 


128 


15 


3 - ■ 


16 


207 


17 


332 


18 


18 




233 


20 


441 



GCNKRYFKL (SEQ ED NO90) 
NLYQMTSQL (SEQ 1DN6;147) 
SCQKKFARS (SEQ ID NO:200> 
RTPYSSDNL (SEQ ID NO: 194) 
MHQRNMTKL (SEQ1DN0143) 
. TCQRKFSRS (SEQ IDNO:219) 
RVPGVAPTt(SEQlDNai95) 
NAPYLPSCL (SEQ ID NO: 144) 
HTHGVFRGI (SEQ ID NO: 113) 
PGASAYGSL (SEQ ID NO: 1 53) 
DGTPSYGHT (SEQ IDN0.56) 
SDNHTTP1L (SEQ ID NO.-204) 
RMFPNAPYL (SEQ ID NO: 1 85) 
FPNAPYLPS (SEQ ID NO:79) 
SDVRDLNAL (SEQ IDNO:206) 
DSCTGSQAL (SEQ ID Nb.61) 
KRYFKLSHL (SEQ ID NO: 127) 
LGGGGGCAL (SEQ ID NO: 1 34) 
LECMTWNQM (SEQIDNOM31) 
NMTKLQLAL (SEQ ID NO:l 49) 



10,000 
3.960 
3.630 
3.600 
3.600 
3.300 
3.000 
3.000 
2.400 
2.400 
2:200 
2206 
2.000 
1.584 
1384 
1300 
1.320 
1.320 
1.200 



WO 01/62920 PCT/OSOij;0!57ft2 
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_ Ta?le38 ;. 

Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of 



Human WT1 Peptides to Mouse MHC Class I Kj> 


Rank 


Start 
Position 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Disassoeiation of a Molecule 

VoUDIctJIliPg JJII2F ijUlwJl|llCIlCC^ 


1 


285 


QYluHTHCj V (SEQ ID NO: 175) 


600.000 


L 


424 


KFARSDELV (SEQ ID NO: 1 19) 


/\A A AAA 

288.000 


3 


334 


YFKLSHLQM (SEQ ID NO:248) 


120.000 


4 


136. 


SCLESQPT1 (SEQ ID NO:199) 


115.200 


5 


239 


NQMNLGATL (SEQ ID NOilSl) 


115200 


6 


10 


ALLPAVSSL (SEQIDNCWS) 


115.200 


7 


47 


AYGSLGGPA (SEQIDNO:41) 


86.400 


8 


180 


DPMGQQGSL (SEQ ID NO:59) 


80.000 


9 


270 


GYESDNHTA (SEQ ID NChlOS) 


72.000 


10 


326 


AYPGCNKRY (SEQ ID NO:42) 


60.000 


1] 


192 


QYSVPPPVY (SEQ lDNO:176) 


60.000 


12 


272 


ESDNHTAPI (SEQ 1DNO:70) 


57.600 


13 


289 


HTHGVFRGI (SEQ ID NCkl 13) 


57.600 


14 


126 


DVRDLNALL (SEQ 1DN0:62) 


57.600 


15 


4 


CTGSQALLL (SEQ TDNO:52) 


57.600 


16 


208 


SCTGSQALL (SEQ ID NO:202) 


48.000 


17 


441 


NMTKLQLAL (SEQ ID NO: 149) 


48.000 


18 


207 


DSCTGSQAL (SEQ lDNO:61> 


48.000 


19 


130 


NAPYLPSCL (SEQ ID NO:I44) 


48.000 


20 


235 


CMTWNQMNL (SEQ ID NO:49) 


48.000 
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Table 39 

HUi^WIlPEl^DESTO ° F 



"• Rank Start 
Position 



10 

11 

12 

13 

14 

15 

16 

17 

18 

IS* 



Subsequence Residue Listing 



81 

85 
429 
315 
261 
410 

3J8 
138 

233 

298 
84 

349 

289 

179 

136 

280 
273 
428. 

3 



AEPHEEQCL (SEQ ID NO30) 
EEQCLSAFT (SEQ ID NO:65) 
DELVRHHNM (SEQ ID N053) 
SETSEKRPF (SEQ ID NO:209) 
TEGQSNHST (SEQ ID NO:221) 

SEKPFSCRW (SEQ ID NG:207) 
ESDNHTTPI (SEQ lDNO:71) 
SEKRPFMCA (SEQ ID NO:208) 
LESQPAIRN (SEQ1D NO:132) 
LECMTWNQM (SEQ IDNO:131) 
QDVRRVPGV (SEQ ID N0.164) 
HEEQCLSAF (SEQ 1DNO.107) 
GEKPYQCDF (SEQ ID NO;91) 
HTHGVFRGI (SEQ ID NO. 1 13) 
EDPMGQQGS (SEQ ID NO:64> 
SCLESQPAI (SEQ ID NO:198) 
ILCGAQYR1 (SEQlDNO:116) 
SDNHTIPIL (SEQ ID NO504) 
SDELVRHHN (SEQ ID NO:203) 
SPVRDLNAL (SEQ IP NO:206) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



40.000 

40.000 

20.000 

20.000 

20.000 

10.000 

10.000 

10.000 

10,000 

10.000 
10.000 
10.000 
10.000 
10.000 
8.000 
5.000 
5^000 
4.000 
4.000 
4.000 
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Table 40 

Results ofBIMAS HLA Peptide Binding Prediction Analysis FORBiNi>!NG of 
Human WT1 PEinrto 

Rank Start Subsequence Residue listing Score (Estimate of Half lime of 
Position Disassociation of a Molecule 

Containing This Subsequence) 



1 


■ IW, 1 .' 


Ir oJnHAAvjr .loJfcl^ IU NU:z2») - 


3 WWW 


2 


■• 327v 


v YPGGNKRYF(SEQIDNO250) 


30Q.0U0 


3 


180 


DPMGQQGSL (SEQ IDNO.59) 


150.000 


4 


26 


LPVSGAAQW (SEQ IDNO:138) 


93.600 


.5 . 


- 27J8i 


, -TP1LCGAQY (SEQ ID NQ:227) 


.72.000 


6 ' 


i4iv : 


QPAJKNQGY (SEQ ID NO:170) 


60.00$ 


7 


219, 


r , TPYSSDNLY (SEQ ID NO-23 1) 


60.000 


8 


303 


VPGVAPTLV (SEQ IDN0242) 


60.000 


9 


120 


ASSGQARMF (SEQ IDNO:40) 


501000 


10 


63 


PPPPPPHSF (SEQ 1DN0.158) 


45.000 


11 


113 


GPPPPSQAS (SEQ ID NCh97) 


45.000 


12 


157 


TPSYGHTPS (SEQ ID N0229) 


39.000 


13 


207 


DSCTGSQAL (SEQ ID NO:61) 


32.500 


14 


110? 


GPFGPPPPS (SEQ ID NO:96) 


30.000 


15 


82 


EPHEEQCLS (SEQ ID NO-.68) 


30.000 


.16 


412 


; XPFSCRWPS (SEQ ID NQ-.123) 


30.000 


17 


418? 


WPSCQKKFA (SEQ ID N0246) 


30.000 


18 


221 


YSSDNLYQM (SEQ IDNOi253) 


30.000 


19: 


204 


TPTDSCTGS (SEQ ED NO230) 


30.000 


20 


128 


FPNAPYLPS (SEQ ID NO:79) 


30.000 
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Table 41 

Results of ^M^^HIAPe^^ Analysis fojr Binding 

Human WH Pep^ des fb Caitlb HLA A2§ 



op 



. .1- 

2 
3 

:'■ 4 
5 
6 
7 
8 
9 

10 

II 

12 

13 

14 

15 

16 

17 

18 
19: 
20 



Start 
Position 

licT 

319 
423 
345 
396 
137 
386 
407 
335 
247 
370 
258 
398 
331 
357 
385 
294 
368 
432 
118 



Subsequence Residue Listing 

EKPYQCtflFK (SEQID NO.66) 
EKRPFMCAY (SE(^lbNO:67) 
KKFARSDEL (SEQID NO:122) 
RKHTGEKPY (SEQ lb NO: 1 84) 
RKFSRSDHL (SEQ ID NO: 1 83) 
CLESQPA1R (SEQ ID NO:47) 
VKPFQOCTC (SEQ ID N0239) 
GKTSEKPFS (SBQID^6:95) • 
FKLSHLQMH (SEQ ID NO:78) 
LKGVAAGSS (SEQ ID NO: 135) 
IKRHQKRHT (SEQ ID N0.136) 
VKWTEGQSN (SEQ ID NO:240) 
LKTHTRTHT (SEQ ID NQ. 137) 
NKRYFKJLSH (SEQID NO: 145) 
FKDCERRFS (SEQID NO:77) 
CKTCQRKFS (SEQ ID NO:46) 
FRGIQDVRR (SEQ ID NO:81) : 
DQLKRHQRR (SEQ ID NO:6d) 
VRHHNMHQR (SEQ ID NO:243) 
SQASSGQAR(SEQlbNO:216) 



Score (Estimate of Half Time of 
Disassoriation of a Molecule 
Containing Tbis Subsequence) 

1000.00 

.500.000 

500.000 

500.000 

500.000 

120.000 

100.000 

100.000 

100.000 , 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

80.000 

80.000 

80.000 

80.000 



WO 01762920 
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iRi^^ hla PEhroia^ of 

Mouse Ivtipk^^ 



Rank 


Start 
Position 


Subsequence Residue listing 

t . ■ •■ 


Score (Estimate of Half Tune of 
Xhsassociaoon of a Molecule 
Containing This Subsequence). 






rmfpnApyl (SEQ n>H6293) 


313.968 


2 


is? 


■ " SLGEOOYSV fSEO n>N(M99"» 






id 


AI T PAV<J°J r^KnriSNirv9^^ 


Iftl 70/1 


4 




INJLr I V<jV> 1 11/ INvAZo^tJ 








OYrKUJvJDV {MiVc lUriiJZAfv) 




O 




JlJiroUl^Jri \v*^nc 


41MJ50 


/ 


6.--- . 
lyr 


QQYSVPPPV (SJbQ ID NO290) 


22.566 


© 




tl A AVD1 /OCA Tar\ VTA.^T^X 
IlAAjAQ I KJ (ofcy ID iHKJUJf*) 


1 7. 736 


V 


AA 1 

441 


XJ"fc JTVI 1_T\/ A ¥ /OCA iTWTrvooc \ 

NM JKJUHVAL (SEQ ID NO:285) 


15.428 


10 


235 


CMTWNQMNL (SEQ ID NCfc258) 


15.428 


11 


7 


DLNALLPAV (SEQ IDNQ261) 


11.998 


12 


242 


NLGATLKGM (SEQ lDNOt283) 


11.426. 


13 


227 


YQMTSQLEC (SEQ ID NO307) 


8.573 


14 


239 


NQMNLGATL (SEQ ID 1*0286) 


8.014 


15 


309 


TLVRSASET (SEQ ID NO303) 


7.452. 


16 


408 


KTSEKPFSC (SEQ IDN0277) 


5.743 


17 


340 


LQMHSRKHT (SEQ ID NO280) 


4.752 


IS 


228 


QMTSQLECM (SEQ ID N0289> 


.4.044 


19 


37 


VLDFAPPGA (SEQ ID NO304) 


3378. 


20 


302 


RVSGVAPTL (SEQ ID H&295) 


1.869 
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Table 43 

MOUSE WT1 I^pes toMore B ] ^ c ^ ^ ^ ^ 



Rank 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



Start 
Position 



Subsequence Residue Listing 



; 221 
126 
235 
437 
238 
130 
3 •; 
136 
81 
10 

218 

441 

228 

174 

242 

261 

225 

207 

11» 

18 



YSSDNLYQM (SEQ ID NO:308) 
RMFPNAPYL (s!q mN<>^93) 
CMTWNQMNL (S£<? ID IKJ^Ssj 
MHQRNMTKL (SEQ ID NO:281) 
WNQMNLGAT (SEQ ID NO:305> 
NAPYLPSCL (SE<jlDNO:28^> 
SDVRDLNAL (SEQliD NQ298^ 
SCLESQPTI (SEQIDNO:206) 
AEPHEEQCL (SEQ ID NO:254) 
ALLPAVSSL (SEQ ID NO:255) 
RTPYSSDNL (SEQ ID NO.294) 
NMTKLHVAL (SEQ IDNO:285) 
QMTSQLECM (SEQ lb NOt289> 
HSFKHEDPM (SEQ ID NO.272) 
NLGATXkGM (SBQ; ID NO:283) 
TEGQSNHGI (SEQ ID N6:301) 
NLYQMTSQL (SEQ ID NO:284) 
DSCTGSQAL (SEQIDN0263) 
QASSGQARM (SEQlDNO:288) 
LGGCGGCGL (SEQIDNO.279) 



Score (Estimate of Half Time of 
Disassociation of a Molecule 
Containing This Subsequence) 



312 pOO 

260.000 

260.000 

200.000 

12.000 

8.580 

- 7520, , 
7.920 
6.600 
6.600 
6.000 
3.432, 

.3.120 

3.120 

2.640 

2.640 

2.640 

2:600 

2.600 

2.600 
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Table 44 v .. ^ rit ; 

RjkultsofBIMAS P^iitHB Binding PrfjhctionvV^ for Binding of 
ftiousBWri Peptides to Mouse MHC ClAss I Kb 



Rank 


.Start 
Ppsition 


Subsequence Residue Listing 


Score (Estimate of Half Time of 
Disassociaiion of a Molecule 


. J - 








2 


225 


NLYQMTbQJL (kbQ JD NU^£84J 


1A AAA 
IU.VUV 


3 


420 


SCQKKF AK2> (SEQ ID NO:297) 




4 


218 


RTPYSSDNL (SEQ ID NO:294) 


n £1A 


5 


437 


MHQRNMTKL (SEQIPN028J) 


3.600 


6 


387 '• ' 


TGQRKFSRS (SEQ roNCh300) 


3.600 


7 


2# 


HTHGVFRGI (SEQ ID N0273) 


. . . 3.000\ 


8 


130 


NAPYLPSCL (SEQ ib>IO:282) 


3:000 


9 


43 


PGASA YGSL (SEQ ID NO:287) 


2.400 


10 


155 


DGAPSYGHT (SEQ ID NO:260) 


2.400 


11 


126 


RMFPNAPYL (SEQ JD NO:293} 




12 


12* 


FPNAPYLPS (SEQ ID N0^67) ., 


2.000 


13 


207 


DSCTGSQAL (SEQ ID NCfc263)^ 


1.584 


14 


3 


SDVRDLHAL (SEQ ID NOa?8) 


1584 


15 


332 


KRYFKLSHL (SEQ ID MO:276) 


1.500 


16 


233 


LECMTWNQM (SEQ IDNO:278) 


1-320 


17 


18 


LGGGGGCGL (SEQ ID NO*J279) 


1.320 


is 


242 


NLGATLKGM (SEQ ID NO:283) 


, l^oa 


19 


123 


GQ ARMFFN (SEQ ID NO:269)A 


1.200 


20 


441 


NMTKLHVAL (SEQ ID NO:285) 


1.206 
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Table 45 



Rank 

1 

2 
J 

;' 4 

5 
6 

■ 7 

8 

9 
10 
11 
12 
13 
14 
15 
16 

17 ; 
18 
19 
20 



Start 
Position 



Subsequence Residue Listing 



285 
424 
334 
136 
239 
10 
47 
180 
270 
192 
326 
289 
4 

126 
209 

86 
302 
218 
272 
225 



QYR1HTHGV (SEQ ID NO:291) 
KFAR^DELV(SEQijDNpi75) 
YFKLSHLQM (SEQ ID NO306) 
SCLESQPTI (SEQ ID NO:296) 
NQMNLGATL (SEQ ID NQ-286) 

A^AysSL(SEQi>NO:255) 
A?GSWJG^ , 

DPMGQQGSL (SEQ IDN0262} 
GYESDNHTA (SEQ ID NO:271) 
QYSVPPPVY (SEQ ID NO:292) 
AYPGCNKRY (SEQ JDN0257) 
HTHGVFRGI (SEQ ID NG:273) 
DVRDLNALL(SEQIDN0364) 
RMFPNAPYL (SEQ ID NO:293) 
GTGSQALLL (SEQ ID NO:259) 
EQCLSAFTL (SEQ ID NO~265) 
RVSGVAPTL (SEQ ID NOS95) 
RTPYSSDNL (SEQ ID NO:294) 
ESDNHTAPI (SEQIDN0566) 
NLYQMTSQL (SEQ IDNO:284) 



Score (Estimate piT Half Time of 
^association of a Molecule 
Containing This Subsequence) 

600.000 

288.000 

120.000 

115.200 

115.200 

115.200 

86.400: 

80.000. 

72.000 

60.000 

60.000 

57.600 

57.600 

57.60ft 

48.000 

48.000 

48.000 

48.000 

48.000 

48.000 
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TABLK46 ■ . ;, ,' 

I^inri0^ CJi^ABLB of Euciting a Helped t CbllResfonsb 



Peptide 


Sequence 


p6-23 '• 


JPLNALLPAVPSLGGGG (SEQIDNOrl) 


p30-3S 


GAAQWA (SEQ n>^O309) 


p45*56 


ASAYGSlX^PA^(SEQmNd^i6y- 


p91-105 


AFTVHFSGQFTGTAG (SEQ iDNOJl 1) 


pi 17- 139 


PSQASSGQARMFPNAPYLPSCLE (SEQ ID NO:2) 


pl674l71 


HAAQF (SEQ 1RNQ312) 


p202-233. 


OnTTDSCTGSQAili*^^ (SEQ ID N0313) 


p244-262 


GATl^GVAAGSSSSYKWllB (SJSQ fl> NO:4) 


p287-318 


RlHniGVlTtGIQDyiaiVPGVAFrLVRSASETS (SEQ ID N0314) 


p333-336 


RYFK (SEQ ID N0^15) 


P 361-374 


ERRFSRSDQLKRHQ (SEQ 1DN0:316) 


p389-41Q 


QRKPSRSDHLXTHTRTKTGKTS (SEQ ID N03 17) 


p421^441 


CQKKFARSDELVRIITO^IQRN (SEQ IDNO:318) 



5 Certain GTL peptides (shovm iii Table 47) Were selected for further study. For each 

peptide in Table 47, scores obtained using BIMAS HLA peptide binding prediction analysis 
are provided. 
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Table 47 



Comments 



p235-243 
p!26-134 

p221-229 

p228-236 
p239-247 

mouse pl36-I44 

human pI36-144 
mouse plO-18 

human pi 0- lg 



YSSDNLYQM (SjEQIDN0253 and SEQIDNO308) 



Score 24,000 

NLYQMTSQL (SEQ ID NO: 147 and SEQIDNO:284) binds also to class II 

and HLAA2,Kd, score 
10,000 

CMTWNQMNL (SEQ ID NO:49 arid SEQ li) NC^258) binds also to ]HLA A2, 

' ^core5^55,712 
RMFPNAPYL OBQIDWMB.* todmo,^. 

II and HLAA2, score 
1,990,800 

balds also to IioV score 
. . . .• 312,000 

QMl$QU&MXS^'&}toi(&^''§^^ no289) score3 120 
NQMNLGATL (SEQ ID NO: 151 and SEQ ID NO:286) binds also to HLA A - 

0201, Kd, score 8,015 

SCLESQPTI(SEQlDNO:296) . . . , VJ 

f binds also to Kd, 

1 mismatch to human 

SCLESQPAl (SEQ ID NO: 198) „,» 

A2, 1 mismatch to 
human 

^A LLPA VPSL (SEQ ii> NO$4) ^.^oo 



Peptide binding to CS7B1/6 murine MHG was confirmed *mg * ^emi, ^ 

coinplete medium supplemented with 1%FCS. A lolal of 10* RMA-S c^s were added into 
«ch we,, of . 2 4-„e U pla ,e and incubated either te „ Ale dtsigmte d peptide 

then washed th«e times and stamed with tWcein isothioc^c-c^ngated arti t, or 
— K antibod, (PbarMingen, San Diego, CA). Labeied cdis were washed t^ce 
-spewed and feed in 500 p. of PBS v*h .%pan,f„rma.den y de and auaP^d for fluores- 
cence ^ i„ . Bmi Bfmaa ffKaatWailmm FACSC!>hhm9} ^ of 
■ncrease of D „, g. moIecllfcs „„ fc ^ rf fc ^ ^ ^ measurcj 
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mean fluorescent intensity of cells incubated with peptide compared with that of cells 
incubated in medium alone. 

Mice were immunized with the peptides capable of binding to murine class I MHC. 
Following immunization, spleen cells were stimulated in vitro and tested for the ability to 
5 lyse targets incubated with WT1 peptides. CTL were evaluated with a standard chromium 
release assay (Chen et aL, 1994). 10 6 target cells were incubsied at 37°C with 150 liCi of 
sodium *Cr for 90 min., in the presence or absence of specific peptides. Cells were washed 
three times and resuspended in RPMI with 5% fetal bovine serum. For the assay, 10* M Cr- 
; ^ labeled target cells were incubated with different concentrations of effector cells in a final 
10 volume of 200 pi in U-bottomed 96-well plates; Supeniatants were removed after 4-7 Jtos at 
37°C, and the percentage specific lysis was determined by the formula: 

% Speeific lysis = 100 x (experimental release - spontaneous releasey(maximum 
release-spontaneous release). 

15 

The results, presented in Table 48, show that some WT1 peptides can bind to class I 
MHC molecules, which is essential for generating CTL. Moreover, several of the peptides 
were able to elicit peptide specific CTL (FIG; 6A and FIG. 6B), as determined using 
chromium release assays. Following immunization to CTL peptides pi 0-1 8 human, pI36- 
20 144 human, p!36-144 mouse and p235-243, peptide specific CTL lines were generated and 
clones were established. These results indicate that peptide specific CTL can Mil malignant 
cells expressing WT1 . 
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. Table 48 

PCPt, Je Ending Affinity to Mouse MHC 



Class! 



Positive control 9}°/ 
Negative control 



p?35-243 



33.6% 



P 13(KI44 mouse. , 27.9%. 

p!36-144 human c „. 



2.2% 
5.8% 
1.2% 
0.9% 
0.8% 

P228-236 l2% . 



pl 0-1 8 human 
. p225-233 
p329-337 
pl26-134 
P22J-229 



P239-247 



1% 



™nmn,ty capable of m^^^^^^ *** "* ^ 

was ,dent,f,ed as described above using TS1TES and BIMAS Br a . . 

a; e ^ BIM AS HLA peptide binding predic- 

cW™ ^ease assay. ^ ^ jn no ?a ^ > 

m show P1 „ ^ elici , W1 ^ ^ ^ ^ ^ ^ ^ 

W*.*-* "1 U. fac » ^ ttl)s B ^ Wl ^ ^ ^ t 
toapy are effective agains, malices lha! express WTI. 

talons were periW, ^ lhe ^ ^ MJC 
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immunization, spleen cells were stimulated in vitro with each of the 4 peptides and tested for 
ability to lyse targets incubated with WTl peptides. CTL were generated specific for pi 36- 
144, p235-243 and pi 17-139, but not for p225-233, CTL data for p235-243 and pi 17-139 
are presented in FIG. 8A and FIG. 8B. Data for peptides pl36-144 and p225-233 are not 
5 depicted. 

CTL lysis demands that the target WT1 peptides are endogenously processed and 
presented in association with tumor cell class I MHC molecules. The above WT1 peptide 
specific CTL were tested for ability to lyse WT1 positive versus negative tumor cell lines, 
. CTL specific for p235-243 ly^ targets m^ 
10 lyse cell lines that expressed WT1 proteins (FIG. 8A). By marked contrast, CTL specific for 
pi 17-139 lysed targets incubated with pi 17-139 peptides and also lysed malignant cells 
expressing WT1 (FIG. 8B). As a negative control, CTL specific for pi 17-139 did not lyse 
WT1 negative EL-4 (also referred to herein as E1G). 

Specificity of WT1 specific lysis was confirmed by cold target inhibition (FIG. 9A 
15 and FIG. 9B). Effector cells were plated for various effectontarget ratios in 96-well U- 
bottom plates. A ten-fold excess (compared to hot target) of the indicated peptide-coated 
target without M Cr labeling was added. Finally, 10* 5, Cr-labeled target cells per well were 
added and the plates incubated at 37°C for 4 hrs. The total volume per well was 200 \xh 

Lysis of TRAMP-C by pi 17-139 specific CTL was blotfced from 58% to 36% by EL- 
20 4 incubated with the relevant peptide pi 17-139, but not with EI^4 incubated with an 
irrelevant peptide (FIG. 9A); Similarly, lysis of BLK-SV40 was blocked from 18% to 0%by 
EL-4 incubated with the relevant peptide pll7-139 (FIG. 9B). Results validate that WTl 
peptide specific CTL specifically kill malignant cells by recognition of processed WTl . 

Several segments with putative CTL motifs are contained within pi 17-139. To 
25 determine the precise sequence of the CTL epitope all potential 9-mer peptides within pi 17- 
139 were synthesized (Table 49). Two of these peptides (pl26-134 and pl30-138) were 
shown to bind to H-2 b class I molecules (Table 49). CTL generated by immunization with 
pi 17-139 lysed targets incubated with pl26-134 and pl30-138, but not the other 9-mer 
peptides within pi 17-139 (FIG. 10A). 
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Bepl 17-139 q^ific GTL fee was legated with either P 126-134 or plSWsg 

^ecific lysis, but o nly p,3<M3S specif. CTL showed of a WT1 positive tun.r eel, 
bne(Fia lOBandFIG. ICQ. ^Pl^^^,^^^^ 

Table 49 
Antigens 

Peptide 



PI 17-125 

PI 18-126 

PI 19-127 

P12(M28 

P12M29 

P122-I30 

P123-131 

P124-132 

P125-133 

P126-134 

P127-135 

P128-136 

P129-137 

P130-138 

P13M39 



PSQASSGQA (SEQ ID NQ:221) 

SQASSGQAR (SEQIDNO:216) 

QASSGQARM (SEQ ID NO: 161 and SEQIDN0288) 

ASSGQARMF (SEQ ID NO:40 

SSGQARMFP (SEQ ID NO:222) 

SGQARMFPN (SEQ ID NO:2 1 2) 

GQARMFPNA (SEQ ID NO:98 and SEQ ID NO:269) 

QARMFPNAP (SEQ j[D N0223) 

ARMFPNAPY (SEQ IDNO:38) 

RMFPNAPYL (SEQ lb NO:l 85 and SEQ ID NO:293) 

MFPNAPYLP (SEQ lDNO:224) 

FPNAPYLPS (SEQ ID NO:79 and SEQ ID NO:267) 

PNAPYLPSC (SEQ ID N0225) 

NAPYLPSCL (SEQ ID NO-.144 and SEQlDNO:282) 

APYLPSCLB (SEQ ID NCH226) 



2% 
2% 
. 2% 
1% 
1% 
1% 
1% 
\% 

i% 

79% 
2% 
1% 
1% ; 
7994 
1% 



10 5.6 ^6-1^^0,^^^^^^ 

This example illusuates the use of RT-PCR™ to detect WT! specific n*NA in cells 

and cell lines. 

Mononuclear cells were isolated by derail, gradien, cenWrogaion, arcl »ere 
Mediately frozen and s,ored a, -SOX nndl analyzed by RT-PCR™ for *e preserve of 
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WTi specific mRNA; RT-PCR™ was generally performed as described by Fraizer et al 
(1995). Total KNA was extracted from 10 7 cells according to standard procedures* RNA 
pellets were resuspended in 25 pL diethylpyrocarbonate treated water and used directly for 
reverse transcription, the zinc-finger region (exons 7 to 1 0) was amplified by PGR™ as a 
5 33(M>p mouse cDNA. Amplification was performed in a thexroocycler during one or, when 
necessary, two sequential rounds, of PCR™. AmpliTaq DNA Polymerase (Perlrin Elmer 
Cetus> NorwaDc, CT), 2.5 mM MgQ 2 and 20 pmol of each primer in a total reaction volume 
of 50 pi were used. Twenty pL aliquots of the PCR™ products were electrophoiesed on 2% 
> . -agarose gels^ ■> 

1 0 (Polaroid 667, Polaroid Ltd., Hertfordshire, England). Precautions against cross contamina- 
tion were taken following the recommendations of Kwok and Higuchi (1989). Negative 
controls included the cDNA- and PCR™-reagent mixes with water instead of cDNA in each 
experiment. To avoid false negatives, the presence of intact KNA and adequate cDNA 
generation was evaluated for each sample by a control PCR™ using p-actin primers. 

1 5 Samples that did not amplify with these primers were excluded from analysis; 

Primers for amplification of WTI in mouse cell lines were: PI 15: 1458-1478:- 
5-CCCAGGCTGCAATAAGAGATA^3' (forward primer; SEQ ID NO:21); and PI 16: 1767- 
1787: 5-ATG7TQTGATGGCGGACCAAT-3' (reverse primer; SEQ ID NO:22) (Inoue et 
ah, 1996; Fraizer et al y 1995). 

20 Beta Actin primers used in the control reactions were: 

5 r -GTGGGGCGCCCCAGGCACCA-3 , (sense primer, SEQ ID NO:23); and 
5-GTCCTTAATGTCACGeACGATTTC-3 r (antisense primer; SEQ ID NO:24). 

. Primers for use in amplifying human WTI include: PI 17: 954-974: 
S'-GGCATCTGAGACCAGTGAGAA-y (SEQ ID NO:25); and PI 18: 1434-1414: 

25 y-GAGAGTCAGACTTGAAAGCAGT-S^SEQIDNO.S). For nested RT-PCR™, primers 
maybe: PI 19: 1023-1043: 5 -GCTGTCCCACTTACAGATGCA-3' (SEQ ID N056); and 
P120: 1345-1365: 5 -TCAAAGCGCCAGCTGGAGTTT-3 1 (SEQ1DN057). 

Table 50 shows the results of WTI PCR™ analysis of mouse tumor cell lines. Within 
Table 5, (4++) indicates a strong WTI PCR™ amplification product in the first step 

30 RT-PCR™, (++) indicates a WTI amplification product that is detectable by first step WTI 
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RT-PCR™ ^ indicates a product that 1S detectable only in the second step, of 
RT-PCR™, and (-) indicates WT1 PGR™ negative. 



15 



, Cell Line 

K562 (human leukemia; ATCC): Positive control (Lozzio and Lozzib, 1975) 
TRAMPC(SV40 transformed P rostate36)(F^^ 

CTLL (T-cell, B6; ATCC) (Gillis, 1977) 

FM (FBL-3 subline, leukemia, B6)(Grynn c/ a/., 1968) 

BALB 3T3 (ATCC) (Aaroston and Todaro, 1968) 

S49-1 (Lymphoma, T-cell like, B/C; ATCC) (Horibata and Hams, 1970) 
BNL CL2 (embryonic liver, B/C; ATCC) (Patek etal, 1978) 
MethA (sarcoma, B/C) (Old el al, 1962) 
P3.62.8. 1 (myeloma, B/C; ATCC) (Watson et al, 1 970) 
P2N (leukemia, DBA/2; ATCC) (Melting el al, 1 976) 
BCL1 (lymphoma, B/C; ATCC) (Slavin and Strober, 1 977) 
LSTRA (lymphoma, B/C)(Grynn e/o/./ 1968) 
El 0/EL^4 (lymphoma, B6) (Glynn et al, 1968) 



++ 

+ 

+ 

+ 

+ 

+ 



5.7 Example 7 - Evaluation of toe SvsreMic Histopathologic^ 

AND TOXICOLOGICAL EFFECTS OF WT1 IMMUNIZATION IN MICE 

The purpose of this example is to analyze the j 



1 0 histopathologic! and toxicologic*! effects of WT1 



titration in mice. 



immunogenicity and potential systemic 
protein immunization in a multiple dose 



Table 51. 



The experimental design for immunization of mice with WT1 



protein is outlined in 



Histology 
Group 
1 



Corixa 
Group 

0 



Table 51 

Experimental Design of WT1 Immunization in Mice 
Treatment Description 
No treatmenT 
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Histology - ■ 




Treatment Description 


Dose 


TofeTNo. 


Group 


Group 


Level 


(Females) 


2 


LI 


MPL-SE (adjuvants alone), 6x, 1 week 


10 ug 


4 






apart 






3 


U2 


MPL-SE, 3x, 2 weeks apart 


10 fig 


4 


4 


2.1 


Ral2-WT1+ MPL-SE, 6x 


25 Hg 


4 


5 


22 


Ral2-WT1 + MPL-SE, 3x 


25 pg 


4 


6. 


3.1 


Ral2-WT1 + MPL-SE, 6* 


100 p-g 


4. . 


7 


32 


Ral2-WT1+ MPL-SE, 3x 


100 jig 


4 


8 


4.1 


Ral2-WT1 + MPL-SE, 6x 


1000 ug 


4' 


9 


42 


Ral2-WT1+ MPL-SE, 3x 


1000 ug 


4 



Vaccination Jo WJ1 protein using MPL-SE as adjuvant in a multiple dose titration 
study (doses ranging from 25pg, IOOpg to lOOOpig. WT1 protein) in fenteie C57/B6 mice 
elicited a strong WTl-specific antibody, response (Figure 19) and cellular T-cell responses 
5 (Figure 20). 

No systemic histopathological or toxicological effects of immunization , with WT1 
protein were observed No histological evidence for toxicity was seen in the following 
tissues: adrenal gland, brain, cecum, colon, duodenum, eye, femur and marrow, gall bladder, 
heart, ileum, jejunum, kidney, larynx, lacrimal gland, liver, hmg, lymph node, muscfe, 
10 esophagus, ovary, pancreas, parathyroid, salivary gland, sternum and marrow, spleen, 
- stomach; thymus^trach^ thyroid, urinary bladder and uterus. 

Special emphasis was put on evaluation of potential hematopoietic toxicity* The 
royeloid/erythioid ratio in sternum and femur marrow was normal. All evahiable blood cell 
counts and blood chemistry (BUN, creatinine, bilirubin, albumin, globulin) were within the 
15 normal range. 

Given that existent immunity to WT1 is present in some patients with leukemia and 
that vaccination to WT1 protein can elicit WTl-specific Ab and cellular T-cell responses in 
mice without toxicity to normal tissues, these experiments validate WT1 as a tumor/leukemia 
vaccine. 

20 
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5.8. E ^'^Eli^ 

by Whole Gene/at V/txoFriiwng 

This example demonstrates that WT1 snecifir T-^n ™>o~v 

w 11 speanc 1 -cell responses can be generated from 

the blood of normal individuals. 

SOn^aMCSFandSOngtalrW. Following culture, DC were infected 16 his with 
mispressing vaccinia virus a, ar, M.O.,. of 5, or for 3 days with 

3-6 station cycles, CD 8+ lines could be identified that interfere* 
gannna when with -*p»-tl,^ dendrnic cells „, ffl^ 

WTi-specfic activity of tbese Iines ^ h 

cycle These hue, were dentonshated ,„ specifically recognfae adeno M vaccinia WT1 

TT- T" 4 """ " *~ » vaccH. EGFP-infec.ed autologous: 

dendritic cells by Elispot assays. 

20 5.9 Example 9 — Formulation of RA12-Wt1 for Injection: 

USEOFExOPONTSTOSTABlLIZELyoPmuZEDPROWCT 

■ ■ . , TWs example describes the formulation that allows the complete solubilization of 
iyophjlized Ral2-WTL 

The following f orlnllMoD ^ ^ ^ ^ ^ ^ ^ 

d^h^ iM„ an aqueous n^ ate being lyophylized .o .rryness- 
; Recombinant Ral2-WT1 concentration: 0.5 - 1.0 n^nrl; Buffer: ,0-20 mM 
Bftanolan.ine, p H ,„. 0; ... . 5 . 0 mM ^ w % — 

™™*se (T5251, Sigma, MO) 10% MaMose ^,71, Sign,,, MO) 10% Sucrose 
(S7903, Sigma, MO) ,0% Fructose (F2543, Sigma, MO) ,0% Glucose (G7528, Sigma, MO) 
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The lyophilized protein with the sugar ebccipient was found to dissolve significantly 
more than without the sugar excipient Analysis by Coomassie stained SDS-PAGB showed 
no signs of remaining solids in the dissolved material. 

5 5.10 Example 10 - iMmmcATiON of an Immune Response to WT1 in Patcents 
with Hematological Malignancies 

^ ■'<• This; Example fltustrates the identification o 
with a heinatological m^ignahcy. 

To evaluate the presence of preexisting WT1 specific antibody responses in patients, 

10 *-sera„af patient&v^^ acute Lymphocytic Jeukemia 

(ALL% chronic myelogenous leukemh (CML) and severe aplastic anemia were analyzed 
using Western blot analysis; Sara wert t^edi for tbe ability to immunopreripitate WT1 from 
the human leukemic cell tine K562 (American Type Culture Collection, Manassas, VA). In 
each case, immunoprecipitates were separated by gel electrophoresis, transferred to 

1 5 membrane and probed with the anti WT-1 antibody WT1 80 (Santa Cruz Biotechnology, Inc., 
Santa Cmz, CA). This Western blot analysts identified potential WT1 specific antibodies in 
patients- with hematological malignancy. A 52-kDa protein in the immunoprecipitate 
generated using the patient sera was recognized by the WT1 specific antibody. The 52-kDa 
protein migrated at the same size as the positive control. 

20 Additional studies-analyzed the sera of patients with AML and CML for the presence " 

of antibodies to full-length and truncated WT1 proteins. CDNA constructs representing the 
human WTl/fulWength (aa 1-449), the N-terminus (aa 1-249) (WTl/N-tenninus) and O 
tenninuis (aa 267-449) (WTl/C-tenninus) region were subcloned into modified pET28 
vectors. The WTl/MI-length and WTl/N-teiminus proteins were expressed as Ral2 fusion 

25 proteins. Ral2 is the C-terminal fragment of a secreted Mycobacterium tuberculosis protein, 
denoted asr MTB32B. (Skeiky et al, Infect bnmWL, 673998, 1999). The Ral2-WTl/full- 
length fusion region was cloned 3' to a histidine-tag in a histidine-tag modified pET28 
vector. The WTl/N-termimis region was subcloned into a modified pET28 vector that has a 
5' histidine-tag followed by the thioredoxin (TRX>WT1/N4enninus fiision region followed 

30 by a 3'-histidine-tag. The WTl/C-terminus coding region was subcloned into a modified 



WO OJ/62S20 



PCT/USOJ/05702 



152 



. pCT*. vector w.dH», con.amtagonr, lhe y ^ fo|Wd 

by a Thromhm aind EK site. 

BUlpL ^ £ ^ i < S ^^^JQfeCA)v^^„ m ed™ 1 h 1 beth re eWTl 

5 QPTG). Wn ^ ^ ,^^^ C* »*re k«v^ed and lysed b v 
JbaHo. in Tri^pH^OwM, ft^ ^ ^ ^ h 

..■f^:!**^,^^^ 37-C by ^ed rounds of 

f 0 "" 0 ; ^ ^* ^ W « .0 mM r ri ,p„ 8 .0. Prcems we, 

™ ""iflnncd by Nlerminal sequencing. 

v; aM-C. Pla.es « v«*ed ^ Donkey a*, human IgCi I1RI , ^ 

^ added (^n^m^, w K1 Cove, PA) a*! incused for 2 h* a , loora 

<&*egaard and Periy Laboratories, MAX quenched with 1 N HjSO,, and immedialely read 
(Cvtc-Ftuor 2350; Milfipore, BcdfprdVMAV 

Portl. ^loBical^y.h^nan sera tested iyHJSA over a range of serial 
•^M»MM* ApPsiHve^onwasdeflned^anODval^ofa,:^ 
dduted I se™ ura, exceeded the mean OD vatoe of sera from norma. dMM s (n=96> b, three 
O^/mlldength, WT^.erminus, storrfam deviations. Due ,o a higher background in 
*>nnal donors ,„ the WTl^inns Pro* A ^ ^ ,„ _ 
defined as an OD value of , :500 dilated senm, that exceeded the mean OD value of sera 
Son, normal donors by four stondard To verify tha, the patient Ab response was 

co* eonuunman, proteins, octrois included the Ral2 and TRX ftotein Alone purified in a 
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V I : similar maimer. Samples lhat showed: reactivity against tie 1^ were 
excluded from the analysis. 

To evaluate for the presence of immunity to WTI , Ab to recombinant foil-length and 
truncated WTI proteins in the sera of normal individuals and patients with leukemia were 
5 determined. Antibody reactivity was analyzed by ELISA reactivity to Wtl/fiili-length 
> / lutein, ^CTl/N-tenainus Proteiri AM WTl/C-t&mirius protein* 

Only 2 of 96 normal donors had serum antibodies reactive with ^VlTfaU-IengJfc 
prcrtein. One of those individuals had antibody to WTl/N-terminus Protein And one had 
. ^antibodEy^to WJ/Crterminu&>pj^^ Ifi of j6a patients.(25%) with AML had 

10 serum antibodies reactive with WTl/fulWen^ By marked contrast, only 2 of 63 

;. r t patients (3%) had reactivity to Wl/C-famiiius protein; Rfieeii 6f 81 patients (19%) with 
CML had serum antibodies reactive with WTl/iuIWength Protein And 12 of 81 patients 
(15%) had serum antibodies reactive with WT1/N r terminus. Only 3 of 81 patients (3%) had 
reactivity to WTl/C-terminus protem. 
15 These data demonstrated that Ab responses to WTI are detectable in some patients 

- withAML and CML. The greater incidence of antibody in leukemia j^tiente provides Strang 

evidence that immunization to the' WTI protein occurred as a result of patients bearing 

> .-'■■■■* . - ; , ' * . ■ 

malignancy that expresses or at some time expressed WTI. Without being limited to a 

specific theory, it isr believed that the obsemd mitibody respbnSesr to WTI incssf probably 
20 result from patients becoming immune to WTI on their own leukemia cells and provide 

direct evidence that WTI can be immunogenic despite being a "self* protein. 

The presence of antibody to WTI strongly implies that concurrent helper T cell 

responses are also present in the same patients. WTI is an internal protein. Thus, CTL 

responses are likely to be the most effective in terms of leukemia therapy and the most toxic 
25 arm of immunity. Thus, these data provide evidence that therapeutic vaccines directed 

against WTI will be able to elicit an immune response to WTI . 

The majority of the antibodies detected were reactive with epitopes within the N- 

terminus while only a small subgroup of patients showed a weak antibody response to the C- 

terminus. This is consistent with observations in the animal model, where immunization 
30 with peptides derived from the N-terminus elicited antibody, helper T cell and CTL 
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All of the compositions and methods disclosed and claimed herein can be made arid 
executed without undue experimentation in light of the present disclosure!: While thfc 

20 compositions and methods of this invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be applied to the 
composition, methods and in the steps or in the sequence of steps of the method described 
herein without departing from the concept, spirit and scope of the invention- More specifically, 
it will be apparent that certain agents which are both chemically and physiologicairy related 

25 may be substituted for the agents described herein while the same or similar results would be 
achieved. All such similar substitutes and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the invention as defined by the appended, 
claims. Accordingly, the exclusive rights sought to be patented are as described in the claims 
below: 

30 
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Claims: 



1. 



Use of a coition comprising at least af^^dp^ of from 9 to about 40 
amino adds in length, or at least a first nucleic acid segment that encodes said 
peptide, in the manufacture of a medicament for treating or p^venting mesothelioma; 
wherein said peptide comprises a first contiguous amino acid sequence according to 
any one ofSEQIDNO:, to SEQ ID NO:4, SEQ ID NO:l 3 to SEQ JTD NO20 SEQ 
ID NO:28 to SEQ ID NO:31 1, SEQ ID NO^ SEQ ID N0 3 14, SEQ ID NO:316 
to SEQ ID NO:3 1 8, and SEQ ID NO:321 to SEQ ID N<*326. 

Use according to claim 1, wherein said composition comprises at least a first isolated 
peptide of from 9 to about 35 amino adds in length, or at least a first nucldc add 
segment that encodes said peptide. 

Use according to claim i or claim 2, wherein said ^composition comprises at least a 
first isolated peptide of from 9 to about 30 amino adds m length, or at least a fnst 
nucleic acid segment that encodes said peptide. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 25 ammo acids in length, or at least a first 
nucleic acid segment that encodes said peptide. 

Use according to any preceding claim, wherdn said composition comprises at least a 
first isolated peptide of from 9 to about 20 amino adds in length, or at least a first 
nucldc acid segment that encodes said peptide. 
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6. Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 15 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide. 

7. Use according to any preceding claim, wherein said composition comprises at least a 
. first isolated peptide of from 9 to about 13 amino acids in length, or at least a first 

nucleic acid segment that encodes said peptide. 

8: Use according to any preceding claim, wherein said composition comprises at least a_ 
first isolated peptide of from 9 to about 11 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide. 

9. Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 40 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide; said peptide comprising a first 
contiguous amino acid sequence according to any one of SEQ ID N013 to SEQ ID 
NO:20, SEQ ID NO:28 to SEQ ID NO:3Il, SEQ ID NOS13, SEQ ID NO:314, and 
SEQ ID NO:316 to SEQ IDNO:318. 

10. Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 40 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide; said peptide comprising a first 
contiguous amino acid sequence according to any one of SEQ ID. NO:28 to SEQ ID 
NO:311, SEQ ID NO:313, SEQ ID NO:3K and SEQ ID NO:316 to SEQ ID 
NO:3l8. 

11. Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 to about 40 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide; said peptide comprising at least a first 
contiguous amino acid sequence selected from the group consisting of ALLPAVPSL 
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(SEQ JD NO:34X ALLPAVSSL (SEQ ID NQ.35>, CMTWNQMNL (SEQ n> 
NO:49), GATLKOVAA (SEQ ID NO:88>, ^YQMTSQL (SEQ ID N0147) 
RMFPNAPYL (SEQIDNO:,85), SCLESQPAI (SEQ ID NO: 198), and SCLESQPTI 
(SEQlDNO:199). 

12. Use according ,o any p^ding claim, whereb said composition comprises at least a 
first i^ated^pndeof^ 

nuclerc acid segment that encodes said peptide; said peptide consisting essentially of 
the ammo acid sequence of any one of SEQ ID NO:l to SEQ ID NO-4 SEQ ID 

NO:13toSEQIDNO:20,SEQIDNO:28toSEQID N 0:311,SEQIDN03I3SEO 
ID NO.-314, SEQ ID N0.316 to SEQ ID NO:318, and SEQ ID NO:321 to SEQ ID 
NO.-326. .. v ^ 



13. 



14. 



Use accordmg to any preceding claim, wherein said composition comprises at least a 
i-t isolated peptide of from 9 to about 11 amino acids in length, or at least a first 
nucleic acid segment that encodes said peptide; said peptide consisting essentially of 
the ammo acid sequence of any one of SEQ ID NO:13 to SEQ ID NO:20 SEQ ID 
NO:28 to SEQ ID NOv311, SEQ ID NO:313, SEQ ID NO:314, and SEQ ID NO\J 16 
toSEQIDNO:318. 

Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide of from 9 .o about 1 1 amino adds in length, or at least a first 
nuclei acid segment that encodes said peptide; said peptide consisting essentially of 
the ammo acid sequence ALLPAVPSL (SEQ ID NO:34), ALLPAVSSL (SEQ ii> 
NO.-35), CMTWNQMNL (SEQ ,D NO:49), GATLKGVAA (SEQ ID NO88) 
NLYQMTSQL (SEQ ID NO: 147), RMFPNAPYL (SEQ ID NO: 185), SCLESQPAI 
(SEQ ID NO:I98), or SCLESQPTI (SEQ ID NO: 1 99). 

Use accordmg 1o any preceding claim, wherein said composition comprises at least a 
first 1S oIated peptide that consists of ,he amino acid sequence according to any one of 
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SEQ IDNO:l tc> SEQ ID NO:4, SEQID NO:13 to SEQ n>NO:20 y ?EQ ID NO;28 to 
SEQID NO:311, SEQ IDN0313, SEQ ID NO:3l4, SEQ ID N&316 to SEQ ID 
NO:318, and SEQ ID NO:321 to SEQ ID NO:326, or at least a first nucleic acid 
segment that encodes said peptide. 

16l . Use! according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide that consists of the amino add sequence accord&g to any one of 
SEQ ID NO:28 to SEQ ID NO:311, or at least a first nucleic acid segment that 
encodes said peptide. 

17; Use according to any preceding claim, wherein said composition comprises at least a 
first isolated peptide that consists of the amino acid sequence ALLPAVPSL (SEQ ID 
NO:34), ALLPAVSSL (SEQ ID NO:35), CMTWNQMNL (SEQ ID NO:49X 
GATLKGVAA (SEQ ID NO:88), NLYQMTSQL (SEQ ID NO:147X RMFPNAPYL 
(SEQ ID NO:185), SCLESQPAI (SEQ ID NO:198), or SCLESQPTI (SEQ ID 
NO: J 99); or at least a first nucleic acid segment that encodes said peptide. 

1 8; Use according to any preceding claim, wherein said composition further comprises at 
- * least a second isolated peptide 61 from 9 to about 40 amino acids in length, or at least 
a first nucleic acid segment that encodes said peptide; said second peptide comprising 
at least a first contiguous amino acid sequence according to any one of SEQ ID NO:l 
to SEQ ID NOtf, SEQ ID NO:13 to SEQ ID NO:20, SEQ ID NO:28 to SEQ ID 
. NO^ll, SEQ ID NO:313, SEQ ID NO:314, SEQ ID NO:316 to SEQ ID NO:3I8, 
and SEQ 1DN0:321 to SEQlDNO:326. 

1 9. Use according to any preceding claim, wherein said composition further comprises at 
least a second isolated peptide of from 9 to about 40 amino acids in length, or at least 
a first nucleic acid segment that encodes said peptide; said second peptide comprising 
at least a first contiguous amino acid sequence according to any one of SEQ ID 
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21. 



22. 



23. 



NO:13,oSEQipNO:20,S£Q ; ]DNO:28 to SEQH>NO:31 SEQJDNO:313, SEQ 
JDNO:3Hand SEQIDNQ:316 to SEQ1DN0:318. 

20. Use according to any preceding claim, ^ein said composition further comprises at 

least a second isolated peptide of from 9 to about 40 amino adds in length, or at leas, 

a first nucleic acid segment that encodes said riptide; said second peptide comprising 

at least a first contiguous amino acid selected from the group . consisting of 

ALLPAVPSL (SEQ ID NO:34), ALLPAVSSL (SEQ ID NO:35), CMTWNQMNL 

(SEQ ID NO.-49), GATLKGVAA (SEQ ID NO:88), NLYQMTSQL (SEQ ID 

NO:M7) > ^APYL (SEQ ID NOM85), SCLESQPAI (SEQ ID NO:198) aM 
SCLESQPTi (SEQ ID NO: 1 99). 

Use according to any one of claims 18 to 20, herein said composition further 
comprises at least a third isolated peptide of from 9 toabout 40 amino acids in length, 
or at Jeas. a first nuc]eic acid segment that encodes said peptide; sud third peptide 
comprising at least a first contiguous amino acid sequence according to any one of 
SEQ ID NO:l toSEQlDNO:4,SEQIDNO:13toSEQIDNO:20,SEQIDNO-28to 
SEQ ID NO.-31,, SEQ ID NO:313, SEQ ID NO.-314, SEQ ID NO.316 to SEQ ID 
NO:318, andSEQIDNO:321 taSEQIDNO:326. 

Use according to any one of claims !8 to 21, wherein said composition further 
comprises at least a third isolated peptide of from 9 to about 40 amino acids in length, 
or at least a first nucleic acid segment that encodes said peptide; said third peptide 
compnsing at least a first contiguous amino acid sequence according to any one of 
SEQ ID NO:28 to SEQ ID NO:3 1 1 . 

Use. according to any one of claims 18 to 22, wherein said composition further 
compnses at least a third isolated peptide of from 9 to about 40 amino acids in length, 
or at least a first nucleic acid segment that encodes said peptide; said third peptide 
comprising at least a first contiguous amino acid selected from the group consisting 
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of ALLPAVPSL (SEQ 1D^0:34X ALLPAVSSL (SEQ ID ^35), CMTWNQMNL 
(SEQ ID NO:49X GATLKGVAA (SEQ ID NO:88), NLYQMTSQL (SEQ ID 
NO:147), RMFPNAPYL (SEQ ID NO:185X SCLESQPAI (SEQ ID NO:198), and 
SCLESQPT1 (SEQIDN0:199). 

24. Use according to any predwfing claim, wherein said composition comprises at least a 
first nucleic acid segment of from 27 to about 5000 nucleotides in length. 

2% Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic add ^ 

26. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment of from 27 to about 1 000 nucleotides in length. 

27. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment of from 27 to about 500 nucleotides in length. 

28. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid- segment *>perably positioned under the control of at least a first 
heterologous promoter. 

29. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment that is comprised within a vector. 

30. Use according to any preceding claim, wherein said composition comprises at least a 
first nucleic acid segment that is comprised within a plasmid or viral vector. 

31 . Use according to any preceding claim, wherein said composition further comprises at 
least a first pharmaceutical^ acceptable excipient. 
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32. Use according to any preceding claim, wherein said composition further comprises at 
least a first imrounostimuiant or at leatf a first adjutant. 

33. Use according to any preceding claim, wherein said composition further comprises at 
least a first immunostimulant or at least a first adjuvant that preferentially enhanees a 

. T-cell response in a human. 

34. Useacconi^ 

least a first immunostimulant or at least a first adjuvant selected from the group 
consisting of Montanide ISA50, Seppic Montanide ISA720, a cytokine, a " 
microsphere, a dimethyl dioctadecyl ammonium bromide adjuvant^ AS-1, AS-2, Ribi 
Adjuvant, QS21, saponin, microfluidized Syntex adjuvant, MV, ddMV, an immune 
stimulating complex and an inactivated toxin. 

35. Use according to any preceding claim, wherein said medicament is intended for 
generating a T cell response in a patient with mesothelioma. 

36. Use according to any preceding claim, wherein said medicament is intended for 
administration to a patient with malignant pleural mesothelioma. 



37. 



38. 



39. 



Use according to any preceding claim, wherein said medicament is formulated for 
parenteral, intravenous, intraperitoneal, subcutaneous, intranasal, transdermal, or oral 
administration. 

Use according to any preceding claim, wherein said composition further comprises at 
least a first detection reagent. 

Use according to any preceding claim, wherein said composition further comprises at 
least a first detection reagent that specifically binds to a WT1 peptide or polypeptide. 
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40!. Use according to any preceding claim, /wheirein.said ^composition further comprises at 
least a second therapeutic agent for treating or preventing mesothelioma. 
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SEQUENCE LISTING 

<110> Cbrixa Corpbration 

<120> COMPOSITIONS AND METHODS FOR DIAGNOSIS 
AND THERAPY OF MALIGNANT MKOtSS 

<130> 2077.000210 

<140> UNKNOWN 
<141> 2001*02-22 

<150> 60/184,070 
<15l> 2000-02-22 

<160> 326 - 
<17p> fastSEQ for Windows Version 3.0 
<210> 1 

<211> 17 f 
<212> PRT 

<213> Homo sapiens / - 

<400> 1 * 
Arg Asp Leu Asn Ala Leu Leu Pro Ala: Val Pro Ser Leu Gly Gly Gly 

10 15 

Gly 



<210> 2 

<211> 23 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Pro ser Gin Ala Ser Ser Gly Gin Ala Arg Met P he Pro Asn Ala Pro 

10 15 

Tyr Leu Pro Ser Cys Leu Glu 
20 

<210> 3 

<211> 23 

<212> PRT 

<213> Mus rausculus 

<400> 3 

Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe Pro Asn Ala Pro 

10 15 



Tyr Leu Pro Ser Cys Leu Glu 
20 



<210> 4 
<2ll> 19 
<212> PRT 
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<2I3> Homo sapiens 
<400> 4 

Gly Ala Thr Leu Lys Gly Val Ala Ala Giy Ser St?r Ser fer Val hys 
1 5 10 * 15 

Trp Thr Glu 

<210> 5 „ 
<211> 22 

<212> DNA \ > r 

<213> Artificial Sequence : , , ^ 

<220> 

<223> Primer for Amplification of human WT1 

<400> 5 22 
gagagtcaga cttgaaagca gt 

<210> 6 . . . 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for Amplification of human WT1 
<400> 6 

ctgagcctca gcaaatgggc 

<210> 7 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> ' 

<223> Primer f or Amplification of human WT1 

<400> 7 - 
gagcatgcat gggctccgac gtgcggg 

<210> 8 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for Amplification of human WT1 
<400> 8 

ggggtaccca ctgaacggtc cccga 

<210> 9 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WT1 

<400> 9 
'- tccgagccgc acctcatg 

<210> 10 
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<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WT1 
<4O0> 10 

gcctgggatg ctggactg 

18 

<210> 11 
<211> 27 
<212> bNA 

<213> Artificial Sequence : : i 

<220> 

^ 3> Pr ^r for amplification of mouse WT1 
<400> 11 k 
gagcatgcga tgggttccga cgtgcgg 

<210> i2 
<211> 29 
<212> DNA . 

<213> Artificial Sequence ' 

<220> 

<223> Primer for amplification of mouse WT1 
<400> 12 

ggggtacctc aaagcgccac gtggagttt 

29 

<210> 13 
. <211> 1? 
<212> PRT 
<213> Mus musculus 

<400> 13 

; Arg Asp leo Asn Ala 1^ ie u Pro flla Val Ser Ser Leu Gly Gly My 

10 15 

Gly 

<210> 14 

<211> 19 

<212> PRT 

<213> Mus musculus 

<400> 14 

Gly Ala Thr Leu Lys Gly Met Ala Al* ri, o 
x 5 ^ ^ iUa M a Gly Ser Ser Ser Ser Val Lys 

10 15 

Trp Thr Glu 

<210> 15 

<211> 15 

<212> PRT 

<213> Homo sapiens 

<400> 15 

Arg He His Thr His Gly Val P he Arg „ y Ile Gln flsp ^ 

* 10 - 



15 



4 
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<210> IS 

<211> 15 

<212> PRT 

<213> Mus musculus 

<400> 16 

Arg He His Thr His Gly Val Phe Arg Gly He Gin Asp Val Arg 
1 5 io, 15 



<210> 1? 
<211> 14 
<212> PRT 

<213> Mus musculus 
<400> 17 

Val Arg Arg Val Ser Gly Val Ala Pro Thr Leu Val Arg Ser 
1 5 10 



<210> 18 

<2il>14 

<212> PRT 

<213> Homo sapiens 

<400> 18 

Val Arg Arg Val Pro Gly Val Ala Pro Thr Leu Val Arg Ser 
15 10 



<210> 19 
<211> 15 
<212> PRT 

<213> Homo sapiens 

<400> 19 

Cys Gin I>ys I>ys Phe Ala Arg Ser Asp Glu Leu Val Arg His His 
1 5 „ ,10 15 



<210> 20 
<211> 15 
<212> PRT 

<213> Mus musculus 
<400> 20 

Cys Gin l>ys Lys Phe Ala Arg Ser Asp Glu Leu Val Arg His Hxs 
15 10 15 



<210> 21 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of mouse WT1 
<400> 21 

cccaggctgc aataagagat a 21 

<210> 22 
<211> 21 
<212> DNA 
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<2I3> Artificial Sequence 
<220> 

<223> Primer fox amplification of mouse WTl 
<400> 22 

atgttgtgat ggcggaccaa t 

<210> 23 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of Beta Actin 
<400> 23 

gtggggcgcc ccaggcacca 

<210> 24 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for amplification of Beta Actin 
<400> 24 

gtccttaatg ctacgcacga tttc 

<210> 25 
<211> 21 

<212> DNA 
<213> Artificial Sequence 

<220> 

<223> Primer for Amplification of human . WTl 
<400> 25 

ggcatctgag accagtgaga a 

<210> 26 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for Amplification of human WTl 
<400> 26 

gctgtcccac ttacagatgc a 

<210> 27 
<211> 21 
<il2> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for Amplification of human WTl 
<400> 27 

tcaaagcgcc agctggagtt t 
<210> 28 
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<2li> 9 
<222> PRT 

<213> Homo sapiens 
<400> 28 

Ala Ala Gly Ser Ser Ser Ser Val Lys 
1 5 

<2I0> 29 
<211> 9 
<212> PRtf 
- <213> Homo sapiens 

<400> 29 

Ala Ala Gin Phe Pro Asn His Ser Phe 
1 5 

<210> 30 
<211> 9 
<212> PRT r 
<2I3> Homo sapiens 

<400> 30 

Ala Glu Pro His Glu Giu Gin Cys Leu 
1 5 

<210> 31 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 31 

Ala Gly Ala Cys Arg Tyr Gly Pro Phe 
1 5 

<210> 32 * 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 32 

Ala Gly Ser Ser Ser Ser Val Lys Trp 
15 

<210> 33 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 33 

Ala lie Arg Asn Gin Gly Tyr Ser Thr 
1 5 

<210> 34 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 34 

Ala Leu Leu Pro Ala Val Pro Ser Leu 
1 5 

<210> 35 
<211> 9 
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<2i2> PRT 

<213> Homo sapiens 
<400> 35 

Ala Leu Leu Pro Ala Vai Ser Ser Leu 
1 5 

<210> 36 

<211> 9 . 

<212> pjir 

<213> Homo sapiens 

<40Q> 36 

Ala Gin Phe Pro Ash His Ser Phe Lys 

<210> 37 

<21i> 9 

<212> PRT 

<213> Homo sapiens 

<400> 37 

Ala Glii Trp Al a Pro Val Leu Asp Phe 

■ 5 

<210> 38 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 38 

Ala Arg Met Phe Pro Asn Ala Pro Tvr 

<210> 39 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 39 

Ala Arg Ser Asp Glu Leu Val Arg His 
1 5 

<210> 40 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 40 

Ala Ser Ser Gly Gin Ala Arg Met Phe 

<210> 41 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 41 

Ala Tyr Gly Ser Leu Gly Gly Pro Ala 



<210> 42 
<211> 9 
<212> PRT 
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<213>. HC9BO sapiens 
<400> 42 

Ala Tyr Pro Gly Cys Asn Lys Arg Tyr 
15 

<210> 43 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<40D> 43 

Cys Ala Leu Pro Val Ser Gly Ala Ala 
1 5 

<210> 44 
<211> 9 
_<212> PRT 
<213> Homo sapiens 

<400> 44 

Cys Ala Tyr Pro Gly Cys Asn Lys Arg 
1 5 

<210> 45 
<211> 9 
<212> PRT 

<213> Homo sapiens . 
<400> 45 

Cys Hi 3 Thr Pro Thr Asp Ser Cys Thr 

1 5 " , 

<210> 46 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<4O0> 46 

Cys Lys Thr Cys Gin Arg Lys Phe Ser 
1 5 

<210> 41 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 47 

Cys Leu Glu Ser Gin Pro Ala lie Arg 
1 5 

<210> 48 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 48 

Cys Leu Sex Ala Phe Thr Val His Phe 
1 5 

<210> 49 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<46o> 49. 

Cys Met Thr Trjp Asn Gin Met Ash -Leu 
1 5 

<210> 50 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 56 

Cys Arg Tip Pro Ser Cys Gin Lys Xys 

<2i0> 5} 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 51 

Cys Arg Tyx Gly Pro Phe Gly Pro Pro 

' • 5 - 

<210> 52 

<2I1> 9 

<212> PRT 

<213> Homo sapiens 

<400> 52 

Cys Thr Gly Ser Gin Ala Leu Leu Leu 
1 5 

<210> 53 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 53 

Asp Glu Leu Val Arg His His Asn Met 

<210> 54 
<211> 9 
<212> PRT 
. <213> Homo sapiens 
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<400> 54 

Asp Phe Ala Pro Pro Gly Al a Ser Ala 
1 5 

<210> 55 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 55 

Asp Phe Lys Asp Cys Glu Argr Arg Phe 
1 5 

<210> 56 

<211> 9 

<212> PRT 

<213:> Homo sapiens 

<400> 56 

Asp Gly Thr Pro Sex tyr Gly His Thx 
1 5 

<210> 57 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 57 

Asp His Leu Lys Thr His Thr Arg Thr 
1 5 

<210> 58 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<40D> 58 

Asp Leu Asn Ala Leu Leu Pro Ala Val 
1 5 

<210> 59 
<211> 9 
<212> PRT 
. <213> ilorao sapiens 

<400> 59 

Asp Pro Met Gly Gin Gin Gly Ser Leu 
1 5 

<210> 60 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 60 

Asp Gin Leu Lys Arg His Gin Arg Arg 
1 5 

<210> 61 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 61 
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Asp Ser Cys Thr Gly Ser Gin Ala Leu 

• . - 5 ■ 

<210> 62 
<211> 9 
<212> PKT 

<213> Bomb sapiens 
<400> 62 

Asp Yal Arg Asp Leu Asn Ala Leu Leu 

x 5 ■ 

<210> 63 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<40D> 63 

Asp Val Arg Arg Val Pro Gly V a l Ala 

<210> 64 
<2I1> 9 
<212> PRT 

<2l3> Homo sapiens 
<400> 64 

Glu Asp Pro Met Gly Gin Gin Gly Ser 

<210> 65 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400>. 65 

Glu Glu Gin Cys Leu Ser Ala Phe :Thr 

<210> 66 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 66 

Glu Lys Pro Tyr Gin Cys Asp Phe Lys 

<210> 67 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 67 

Glu Lys Arg Pro Phe Met Cys Ala Tyr 

<210> 68 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 68 

Glu Pro His Glu Glu Gin Cys Le U S er. 
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1 5 

<210> 69 

<211> 9 

<212> PR? 

<213> Homo sapiens 

<400> 69 

Glu Gin Cys Leu Ser Ala Phe Thr Val 
1 S 

<210> 70 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 70 

Glu Ser Asp Asn His Thr Ala Pro lie 
1 5 

<210> 71 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 71 

Glu Ser Asp Asn His Thr Thr Pro lie 
1 5 

<210> 72 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 72 

Glu Ser Gin Pro Ala lie Arg Asn. Gin 
1 5 

<210> 73 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4Q0> 73 

Glu thr Ser Glu I>ys Arg Pro Phe Met 
1 5 

<210> 74 
<211> 9 
<212> PRT 
* <213> Homo sapiens 

<400> 74 

Phe Ala Pro Pro Gly Ala Ser Ala Tyr 
1 5 

<210> 75 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 75 

Phe Ala Arg Ser Asp Glu l*eu Val Arg 
1 5 
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. <210> 76 
v. ' v- • ' <2I1> 9 . 

<212> PRT 

<2l3> Homo sapiens 

<400> 76 

Phe Gly Pro Pro Pro Pro Ser Gin Ala 
1 5 

<210> 77 

<212> 9 

<212> PRT 

<213> Homo sapiens 

<400> 77 

Phe Lys Asp cys Glu Arg Arg Phe Ser 
1 5 

<210> 78 
<211> 9; , 
<212> PRT f 
;<213> Homo- sapiens 

<400> 78 

Phe Lys Leu Ser His Leu Gin Met His 
1 5 

<210> 79 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 79 

Phe Pro Asn Ala Pro Tyr Leu Pro Ser 

<210> 80 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 80 

fhe Gin Cys Lys Thr Cys Gin Arg Lys 
1 5 

<210> 81 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 81 

PJe Arg Gly lie Gin Asp Val Arg Arg 

<210> 82 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 82 

Phe Ser Gly Gin Phe Thr Gly Thr Ala 
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<2l0> 83 

<2ii> 9 - •/>. 

<212> PRY 

<213> Homo sapiens 

<400> 83 

Phe Ser Arg Ser Asp Gin I»etr Lys Arg 
1 5 

<210> 84 
<211> 9 

<212> POT 0 
<213> Homo sapiens 

<400> 84 

Phe Thr Gly Thr Ala Gly Ala Cys Arg 
1 5 

^210> 85 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<400> 85 

Phe Thr Val His Phe Ser Gly Gin Phe 
1 5 

<210> 86 

<211> 9 

<212> PRT 

<2l3> Homo sapiens 

<400> 86 

Gly Ala Ala Gin Trp Ala Pro Val Leu 
1 5 

<210> 87 
<211> 9 
" <212> PRT 

<213> Homo sapiens 

<400> 87 

Gly Ala Glu Pro His Glu Glu Glri Cys 

i ; s - ' /- 

<210> 88 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 88 

Gly Ala Thr l»eu l>ys Gly Val Ala Ala 
1 5 

<210> 89 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4 00> 89 

Gly Cys Ala Leu Pro Val Ser Gly Ala 
15 



<210> 90 



'. : -- V- P€T^S0i/057ft2' 

■ . . " ' 15 . . 

<2i2> pjkf 

* '. v ■"' ' < ?* : ¥ > Scmdo:- sapiens ! - „ 

, / <400> 90 
Gly Cys Asn Lys Arg Tyr Phe L ys Leu ' 
-i 5 

<2ia> 91 

<m> 9 ' 

<212> PRT 

<213> Homo sapieiis 
<:40d> 91 

Gly Glu Lys Pro, Tyir Gin Cys Asp Phe ^ V ^ : :\'..'r)- 

\ 5 -*..., 

<210> 92 
<211> 9 
<212> PRT 

<213> Homo sapiens * 

. <400> 92 
. GJy G ly Gly Cys.Ala Leu Pro Val 

<210> 93 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 93 

Gly Gly Pro Ala Pro Pro Pro Ala Pro 
<210> 94 

<211> 9 y 

<212> PRT .• 

<213> Homo sapiens 

<400> 94 

Gly His Thr Pro Sex His His Ala Ala 
1 5 " 

<210> 95 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 95 

Gly Lys Thr Ser Glu Lys Pro Phe Ser 
1 5 

<210> 96 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 96 

Gly Pro Phe Gly Pro Pro Pro Pro Ser 



<210> 97 
<211> 9 
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<212> PR? . 
<213> Homo sapiens 

<400> 9? 

Gly Pro Pro Pro Pro Ser Gin Ala Ser 
1 5 

<210> 98 
<2I1> 9 . 
<212> PRT 

<213> Homo sapiens 
<400> 98 

Gly Gin Ala Arg Met Phe Pro Asn Ala 
1 5 

<210> 99 
<211> 9 
<212> POT 

<213> Bomo sapiens 
<400> 99 

Gly Gin Phe Thr Gly Thr Ala Gly Ala 
1 5 

<210> 100 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 100 
Gly Gin Ser Asn His Ser Thr Gly Tyr 
15 

<210> 101 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 101 
Gly Ser Asp Val Arg Asp I>eu Asn Ala 
1 5 

. <210> 102 
<211> 9 
<212> PRT 

<213> Homo sapiens 
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<400> 102 




<210> 103 
<2X1> 9 
<212> PRT 

<213> Homo sapiens 



<400> 103 




<210>: 104 
<2U> 9 
<212> PRT 
- <213> Homo sapiens 

<400> 104 
Gly Val Lys Pro Phe Gin Cys Lys Thr 

<210> 105 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 105 
Gly Tyr Glu Ser Asp Asn His Thr Ala 
1 5 

<210> 106 

<211> 9 

<21?> PRT 

<213> Homo sapiens 

<400> 106 
Gly Tyr Glu Ser Asp Ash His Thr Thr 
1 5 

<210> 107 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 107 
His Glu Glu (51n Cys Leu Ser Ala Phe 
1 5 

<210> 108 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 108 




<210> 109 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 109 
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His Gin Arg Arg His Thr Gly Val Lys 
1 5 

<210> 110 

<211> 9 

<212> PRT 

<213> Homo sapiens 

110 

Lys His Glu Asp Pro Met 
5 

<210> 111 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 111 
flis Ser Arg, Lys His Thr Gly Glu Lys 
1 5 

<210> 112 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 112 
His Thr Gly Glu Lys Pro Tyr Gin Cys 
1 5 

<210> 113 

<211> 9 

<2I2> PRT 

<213> Homo sapiens 

<400> 113 
His Thr His Gly Val Phe Arg Gly lie 
1 5 

<210> 114 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 114 
His Thr Arg Thr His Thr Gly Lys Thr 
1 5 

<210> 115 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 115 
His Thr Thr Pro lie Leu Cys Gly Ala 
1 5 

<210> 116 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 
His Ser Phe 
1 



<400> 116 
He Leu Cys Gly Ala Gin Tyr Arg He 
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1 5 

<210> ii7 
<211> 9 
<212> PR* 

<213> Homo sapiens 

<400> H? 
lie Arg Asn Gin Gly tyr Ser Thr Val 

<210> 118 

<211> 9/ 

<212> PRT 

<213> Homo sapiens 

<400> 118 
I*s Asp Cys Glu Arg Arg Phe Ser Arg 

<210> 119 

<21i> 9 ■ 

<212> PRT 

<213> Homp sapiens 

<400> 119 
Lys Phe Ala- Arg Ser Asp Glu Leu Val 

<210> 120 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 120 
Lys- Phe Ser Arg Ser Asp His I^eu iys 

<210> 121 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 121 
Lys His Glu Asp Pro Met Gly Gin Gin 

<210> 122 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 122 




<210> 123 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 123 
Pro Phe Ser Cys Arg Txp Pro Ser 
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. <210> 124 
<211> 9 
<212> PRT 
<213> Bomo sapiens 

<400> 124 
Lys Pro Tyr Gin Cys Asp Pbe Lys Asp 
1 5 

<210> 125 

<211> 9 

<212> PRT 

<213> Bomo sapiens 

<400> 125 
Lys Gin Glu Pro Ser Trp Gly Gly Ala 
1 5 

<210> 126 

<211> 9 

<212> PRT 

<213> Bomo sapiens 

<400> 126 
Lys Arg Bis Gin Arg Arg Bis Thr Gly 
1 5 

<210> 127 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 127 
Lys Arg Tyr Phe Lys Leu Ser Bis Leu 

1 5 ■ 

<210> 128 

<211> 9 

<212> PRT 

<213> Bomo sapiens 

<400> 128 
Lys Thr Cys Gin tog Lys Phe . Ser Arg 
1 5 

<210> 129 

<211> 9 

<212> PRT 

<213> Bomo sapiens 

<400> 129 
Lys Thr Ser Glu Lys Pro Phe Ser Cys 
1 5 

<210> 130 

<211> 9 

<212> PRT 

<213> Bomo sapiens 

<400> 130 
Leu Asp Phe Ala Pro Pro Gly Ala Ser 
1 5 
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<210> 131 
<211> 9 
■ " ■ <222> PRT 

<213> Honio sapiens 

<400> 131 
Leu Glu Cys Met Thr Trp Asn Gin Met 
1 5 

<210> 132 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 132 
Leu Glu Ser Gin Pro Ala lie Arg Asn 
1 5 

<210> 133 
<211> 9 
<212> PRT 

<213> Homo sapiens 

. <400> 133 
Leu Gly Ala Thr Leu Lys Gly Val Ala 

<210> 134 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 134 

Leu Gly Gly Gly Gly Gly Cys Ala Leu 
5 

<210> 135 
<211> 9 
<212> PRT 

<2l3> Homo sapiens 
<400> 135 

Leu Lys Gly Val Ala Ala Gly Ser Ser 

<21D> 136 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 136 
Leu Lys Arg His Gin Arg Arg His thr 
1 5 

<210> 137 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 137 

Leu Lys Thr His Thr Arg Thr His Thr 
1 5 



<210> 138 
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<211> 9 

<212> PRT 

<213> Horao sapiens 

<400> 138, 
Leu Pro Val Ser Gly Ala Ala Gin Trp 
1 5 

<210> 139 

<211> 9 

<212> PRT 

<213i> Homo sapiens 

<400> 139 
Leu Gin Met His Ser Arg Lys His Thr 
1 5 

<210> 140 
, <211> 9 

<212> PRf . 
<213> Homo sapiens 

<400> 140 
ten Arg Thr Pro Tyr Ser Ser Asp Asn 
1 5 



<210> 141 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 141 
Leu Ser His Leu Gin Met His Ser Arg 
1 5 

<210> 142 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 142 
Met Cys Ala Tyr Pro Gly Cys Asn Lys 
1 5 

<210> 143 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 143 
Met His Gin Arg Asn Met Thr Lys Leu 
1 5 

<210> 144 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 144 
Asn Ma Pro Tyr Leu Pro Ser Cys Leu 
1 5 



<210> 145 
<211> 9 
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<212> PRT 
^ c2 ? 3 ^* Bc »tto sapiens 

<400> 145 
tsii Lys teg Tyr Phe Lys Leu Ser His 

<210> 146 
<211> 9 
<212> PRT 
<213> Homo sapiens 



« <400> 146 




<210> 147 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 147 
Ash Leu Tyr Gin Met Thr Ser Gin Leu 

**• - '5 

<210> 148 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 148 
ftsn Met His Gin teg Asn Met Thr Lys 

<21 0> 149 
<211> 9 
<212> PRT 

<213> Homo sapiens : : 

<400> 149 
sn Met Thr Lys Leu Gin Leu Ala Leu 

<210> 150 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<400> 150 
Ash Gin Gly Tyr Ser Thr Val Thr Phe 
1 5 

<210> 151 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 151 - 
Ash Gin Met Asn Leu Gly Ala Thr Leu 
1 5 

<210> 152 

<2ll> 9 

<212> PRT 

<213> Homo sapiens 

<400> 152 
Pro Ala lie Arg Asn Gin Gly Tyr Ser 
1 5 

<210> 153 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 153 
Pro Gly Ala Ser Ala Tyr Gly Ser Leu 
15 

<210> 154 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 154 
Pro His Glu Glu 6ln Cys Leu Ser Ala 
1 5 

<210> 155 
<211> 9 
<212> PRT 
- - <213> Homo sapiens 

<400> 155 
Pro lie Leu Cys Gly Ala Gin Tyr Arg 
1 5 

<210> 156 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 156 
Pro Pro Pro Pro His Ser Phe He Lys 
1 5 

<210> 157 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 157 
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Pro Pro Pro Pro Pro His Ser Phe lie 
5 

<210> 158 
<211> 9 
<212> PftT 

<213> Homo sapiens 

<400> 158 
Pro Pro Pro Pro Pro Pro His Ser Phe 
5 

<210> 159 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 159 
Pro Ser Cys Gin Lys Lys Phe Ala Aro 

1 5 • 

<210> 160 

<211> 9 

<212> Pfcf 

<213> Homo sapiens 

<400> 160 

Gin Ala Leu Leu Leu Arg Thr Pro Tvr 
1 5 * 

<210> 161 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 161 
Gin Ala Ser Ser Gly Gin Ala Arg Met 
1 5 

<210> 162 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<40Q> 162 

Gin Cys Asp Phe Lys Asp Cys Glu Aro 
1 5 * 

<210> 163 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 163 
Gin Cys Lys Thr Cys Gin Arg Lys Phe 

<210> 164 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 164 
Gin Asp Val Arg Arg Val Pro Gly Val 
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1 ' 5 - - 

<2i0> 165 
<211> 9 
.<212> PRT 
<213> Homo sapiens 

<400> 165 
Gin Phe Thr Gly Thr Ala Gly Ala Cys 
15 

<210> 166 

<211> 9 • • : 

<212> PRT : 
<213> Homo sapiens 

<400> 166 
Gin Gly Ser Leu Gly Glu Gin Gin Tyr 
1 5 

<210> 167 ' 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 167 

Gin I>eu Glu Cys Met Thr Trp Asn Gin 
1 5 

<210> 168 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 168 
Gin Met Asn leu Gly Ala Thr Leu-I>ys 
1 5 

<210> 169 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 169 . 
Gin Met Thr Ser Gin I>eu Glu Cys Met 
1 5 

<210> 170 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 170 
Gin Pro Ala lie Arg Asn Gin Gly Tyr 
15 

<210> 171 
<211> 9 
<212> PRT 

<213> Homo sapiens 



<400> 171 
Gin Gin Tyr Ser Val Pro Pro Pro Val 
1 5 
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<210> 172 

<211> 9 

<212> PRT 

<213> Homo 'sapiens 



<400> 172 




<210> 173 
<211> 9 
<212> PRT 

<213> Homo sapiens 



<400> 173 
Sin Arg Asn Met Thr Lys Leu Gin Leu 

<210> 174 
<211> 9 
<212> PRT ; 
<213> Homo sapiens 



<400> 174 




<210> 175 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 175 
Gin Tyr Arg lie His Thr His Gly Val 

<210> 176 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 176 
Gin Tyr Ser Val Pro Pro Pro Val Tvr 

5 - 

<210> 177 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 177 
Arg Asp Leu Asn Ala Leu Leu Pro Ala 



<210> 178 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 178 
Arg Phe Ser Arg Ser Asp Gin Leu Lys 
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<210> 179 
<211> 9 
-<212>.~PBT* 
<213> Homo sapiens 

<400> 179 
Arg Gly lie Gin Asp Val Arg Arg Val 
1 5 

<210> 180 
<211> 9 
<212r> PRT 

<213> Hoifto sapiens . 

<400> 180 
Arg His His Asn Met His Gin Arg Ash 

1 .5 

. <210> 181 
<211> 9 
<212> PRT ...^ 
<213> Homo, sapiens 

<400> 181 
Arg His Gin Arg Arg His Thr Gly Val 
15 

<210> 182 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 182 
Arg lie His Thr His Gly Val Phe Arg 
1 5 

<210> 183 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 183 
Arg Lys Phe Ser Arg Ser Asp His Leu : 
1 5 

<210> 184 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<40Q> 184 
Arg Lys His Thr Gly Glu Lys Pro Tyr 
1 5 

<210> 185 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 185 
Arg Met Phe Pro Asn Ala Pro Tyr Leu 
1 5 

<210> 186 
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<211> 9 
<212> PRT 

<2I3> Bomb sapient 

<400> 186 
Arg Asn Met Thr Lys Leu Gin Leu Ala 
1 5 

<210> 187 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 187 
Arg Arg Phe Ser Arg Ser Asp Gin ieu 

- . S 

<210> 188 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 188 
A^g -Arg. His Tbx Gly Val Lys Pro pjie" 

<210> 189 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 189 
Arg Arg Val Pro Gly Val Ala Pro Thr 

<210> 190 - 
<211> 9 r. 
<212> PRT 
<213> Homo sapiens 

<400> 190 
Arg Ser Ala Ser Glu Thr Ser Glu Lys 

<210> 191 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 191 
Arg Ser Asp Glu Leu Val Arg His His 

<210> 192 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 192 
Arg Ser Asp His Leu Lys Thr His Thr 
1 5 



<210> 193 
<211> 9 
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<212> PR? , 
<213> Homo sapiens 

<400> 193 

tog Ser Asp Gin Leu Lys. Arg His Glh ; ' 

15 

<210> 194 
<211> 9 - 
<212> PRT 
<213> Homo sapiens 

."■■<46ft>' 194 V ■ 

Arg Thr Pro Tyr Ser Ser Asp Asn Leu 
1 5 

<210> 195 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 195 1 
Arg Val Pro Gly Val Ala Pro thr Leu ^ . - , ; > 

"i 5 ;-.•;■* 

<210> 196 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 196 
Arg Trp Pro Ser Cys Gin Lys Lys Phe 
1 5 

<210> 197 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 197 
Ser Ala Ser Glu Thr Ser Glu Lys Arg 

1 5 " . v- 

<21Q> 198 
<211> 9 
<212> PRT 

<213> Homo sapiens * 
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<400> 198 

Ser Cys Leu Glu Ser Gin Pro Ala lie- 

1 .- -5 

<210> 199 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<400> 199 
Ser Cys Leu Gin Ser Gin Pro Thr lie 
1 5 

<210> 200 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400:> 200 
Ser Cys Gin Lys Lys Phe Ala Arg Ser 
5 

<210> 201 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<400> 201 
Ser Cys Arg Trp Pro Ser Cys Gin Lys 

<210> 202 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<400> 202 - ■ * 

Ser Cys Thr Gly Ser Gin Ala Leu Leu 

<210> 203 
<211> 9 
* <212> PRT 
<213> Homo sapiens 

<400> 203 
Asp Glu Leu Val Arg His His Asn 
1 5 

<210> 204 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<400> 204 
Asp Asn His Thr Thr Pro lie Leu 
1 5 

<210> 205 
<211> 9 
<212> PRT 
<213> Homo sapiens 



<400> 205 
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Ser Asp Asn Leu Tyr Gin Met Thr Sear- 

■ 1 - - 5 " " ' : 

<210> 206 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 206 
Ser Asp Val Arg Asp Leu Asn Ala Leu 
1 5 

<210> 207 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 207 
Ser-Glu.Lys Pro Phe Ser ,Cys Arg Trp 
1 5 

<220> 208 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 208 
Ser Glu Lys Arg Pro Phe Met Cys Ala 
1 5 



<210> 209 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 209 
Ser Gin Thr Ser Glu I>ys Argr Pro Phe 
1 5 

<210> 210 

<2ll> 9 

<212> PRT 

<213> Homo sapiens 

<400> 210 
Ser Phe lie Lys Gin Glu Pro Ser Trp 
1 5 

<210> 211 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 211 
Ser Gly Ala Ala Gin Trp Ala Pro Val 
1 > 

<210> 212 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 212 
Ser Gly Gin Ala Arg Met Phe Pro Asn 
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<210> 2li 
<21l> 9 
<212> PRT 

<213> Homo sapiens 

<400> 213 
Ser His His Ala Ala Gin Phe Pro Asn 

<210> 214 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 214 
Ser Leu Gly Glu Gin Glh Tyr Ser Val 

.5. 

<210> 215 / 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 215 
Ser Leu Gly Gly Gly Gly Gly Cys Ala 
x 5 

<210> 216 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 216 
Ser Gin Ala Ser Ser Gly Gin Ala Arg 

<210> 217 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<40t)> 217 
Ser Ser Asp Asn Leu Tyr Glri Met Thr 

<210> 218 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 218 
Ser Val Pro Pro Pro Val Tyr Gly Cys 

<210> 219 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 219 
Thr Cys Gin Arg Lys Phe Ser Arg Ser 
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<210> 220 
■_■ <211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 220 
Thr Asp Ser Cys Thr Gly Ser Gin Ala. 
1 5 

<210> 221 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 221 
Thr Glu Gly Gin Ser Asn His Ser Thr 
1 5 

<210> 222 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 222 , \ 

Thr Gly Lys Thr Ser Glu Lys Pro Phe 
1 5 



<210> 223 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 223 
Thr Gly Ser Gin Ala Leu Leu Leu Arg 
1 5 T 

<210> 224 r 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 224 
Thr Gly Thr Ala Gly Ala Cys Arg Tyr 
1 5 

<210> 225 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 225 
Thr Gly Tyr Glu Ser Asp Asn His Thr 
1 5 

<210> 226 r 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 226 
Thr Leu Val Arg Ser Ala Ser Glu Thr 
1 5 
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<210> 227 

<211> 9 

<212> PRT, 

<2i3> Homo sapiens 

<400> 227 
Thr Pro He Leu C*s Gly Ala Gin Tyr 

<210> 228 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 228 
Thr Pro Ser His His Ala Ala Gin Phe 

<210> 229 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 229 
Thr Pro Ser Tyr Gly His Thr Pro Ser 

<210> 230 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 230 
Thr Pro Thr Asp Ser Cys ihr Gly Ser 

<210> 231 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 231 
Thr Pro Tyr Ser Ser Asp As n Leu Tyr 

<210> 232 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 232 
Thr Ser Glu Lys Pro Phe Ser Cys Arg 

<210> 233 

<211> 9 

<2l2> PRT 

<213> Homo sapiens 

<4 00> 233 
Thr Ser Glu Lys Arg Pro Phe Met Cys 



<210> 234 
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<2ii> ? 

<212> PRT 

<213> Homo sapiens 

<400> 234 
Thr Ser Gin Leu Glu Gys Met Thr Trp 
1 5 

<210> 235 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 235 
Thr Val His Phe Ser Gly Gin Phe Thr 
1 5 

<210> 236 

<211>~9 

<212> PRT 

<213> Homo sapiens 

<400> 236 
Val Ma Ala Gly Ser Ser Ser Ser Val 
1 5 



<210> 237 
<211> 9 
<212> PRT 

<213> Homo sapiens * 



<400> 237 
Val Ala Pro Thr Leu Val Axg Ser Ala 
1 5 

<210> 238 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 238 
Val Phe Arg Gly lie Gin Asp Val Arg 
1 5 

<210> 239 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 239 
Val Lys Pro Phe Gin Cys Lys Thr Cys 
1 5 

<210> 24a 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 240 
Val Lys Trp Thr Glu Gly Gin Ser Asn 
1 5 

<210> 241 
<211> 9 
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<212> ?RT 

<213> Homo sapient 



<400> 241 




<210> 242 
<211> 9 
<2i2> PRT 

<213> Homo sapiens 

<400> 242 
I 1 Prp G1 y Vai Ala Pro Thr Leu Val 

<210> 243 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 243 




<210> 244 

<211> 9 

<212> prt 

<213> Homo sapiens 

<400> 244 
al Thr Phe Asp Gly Thr Pro Ser Ty r 

<210> 245 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 245 




<210> 246 
] <211> 9 
<212> PRT 
<213> Homo sapiens 
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<400> 246 
Trp Pro. Ser Cys Gin Lys Lys Phe Ala 

1 5 . " * • 

<210> 247 
<211> 9 
<212> PRT 

<213> Homo sapiens' 

<400> 247 
Trp Thr Glu Gly Gin Ser Asn His Ser 
1 5 

<210> 248 
<211> 9 
<212> PRT 

<213> Homo sapiens 

,<400> 248 - ^: 

Tyr Phe Lys Leu Ser His . Leu Gin Met 
1 S 

<210> 249 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4D0> 249 
Tyr Gly His Thr Pro Ser His His Ala 
1 5 

<210> 250 
<211> 9 
<2i2> PRT 

<213> Homo sapiens 

<400> 250 
Tyir Pro Gly Cys Asn Lys Arg Tyr Phe 
1 5 

<210> 251 
<211> 9 
<212> PRT 
, , . <213> Homo Sapiens 

<400> 251 
Tyr Gin Met Thr Ser Gin Leu Glu Cys 
15 

<210> 252 
<211> 9 
<212> PRT 
-* <213> Homo sapiens 

<400> 252 
Tyr Arg lie His Thr His Gly Val Phe 
1 5 

<210> 253 
<211> 9 
<212> PRT 

<213> Homo sapiens 



<400> 253 
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Tyr Ser Ser Asp Asn Leu Tyr Gin Met 

<210> 254 
<211> 9 
<212> PRT 

<213> Mus musculus 
<400> 254 

Ala Qlu Pro Bis Glu Glu Gin Cys Leu 

<210> 255 
<211> 9 
..- <212> PRT 

<213> Mus rousculus 

<400> 255 
Ala Leu Leu Pro Ala Val Ser Ser Leu 

<210> 256 - 
<211> 9 

<212> PRT. - 
<213> Mus rims cuius: 

<400> 256 
Ala Tyr Gly Ser Leu Gly Gly Pro Ala 

<210> 257 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 257 ' 
Ala Tyr Pro Gly Cys Asn Lys Arg ;Tyr - ■ 

-5 

<210> 258 * 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 258 
Cys Met Thr Trp Asn Gin Met Asn Leu 

<210> 259 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 259 
Cys Thr Gly Ser Gin Ala Leu Leu Leu 

<210> 260 

<211> 9 

<212> PRT 

<213> Mus musculus 



<400> 260 
Asp Gly Ala Pro Ser Tyr Gly His Thr 
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i ; 5 

■ <21D> 261 
<211> 9 
<2i2> PRT 
<213> Mus musculus 

<400> 261 
Asp Leu Asn Ala Leu Leu Pro Ala Val 
1 5 

<210> 262 
<2ll> 9 
<212> PRT 
<213>.Mus musculus 

<400> 262 
Asp Pro Met Gly Gin Gin Gly Ser Leu 
1 5 

<210> 263 * 

<211> 9. 

<212> PRT 

<213> Mus musculus 

<400> 263 
Asp Ser Cys Thr Gly Ser Gin Ala Leu 
1 5 

<210> 264 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 264 
Asp Val Arg Asp Leu Asn Ala Leu .Leu 
1 5 

<210> 265 

<211> 9 

<212> PRT 

<213> Mus musculus 

, <400> 265 
Glu Gin Cys Leu Ser Ala Phe Thr Leu 
1 5 

<210> 266 

<211> 9 

<212> KIT 

<213> Mus musculus 

<400> 266 
Glu Ser Asp Asn His Thr Ala Pro lie 
1 5 

<210> 267 

<211> 9 

<212> PRT 

<213> Mus musculus 



<400> 267 
Phe Pro Asn Ala Pro Tyr Leu Pro Ser 
1 5 
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<210> 268 

<211> S 

<212> PR* 

<213> Mus. musculus 

<400> 268 
Gly Cys Asn Lys Arg Tyr Phe Lys Leu 

<210> 269 
<211> 9 
<212> PRT. 
<213> Mus 

.mus cuius * 

<400> 269 
Qly Gin Ala Arg Met Phe Pro Asn Ala 
1 5 

<210> 270 
<211> 9 
<212> PRT \ 
<213> Mus musculus 

<400> 270 
Gly Val Phe Arg Gly lie Gin Asp Val 

<210> 271 

<211> 9 

<212> PRT 

<213> Mus musculus 

<4t)6> 271 
Gly Tyr Glu Ser Asp Asn His Thr Ala 

<210> 272 ' 
<211> 9 

<212> PRT ~ 
<213> Mus musculus 

<400> 272 
His Ser Phe Lys His Glu Asp Pro Met 
1 '5 

<210> 273 

<211> 9 

<2i2> PRT 

<213> Mus musculus 

<400> 273 
His Thr His Gly Val Phe Arg Gly He 

<210> 274 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 274 
fie Leu Cys Gly Ala Gin Tyr Arg H e 
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<210> 275 

<211> 9 . 

<212> PRT 

<213> Mus musculus 

<400> 275 
Lys Phe Ala Arg Sex Asp Glu Leu Val 
1 5 

<210> 276 
<211> 9 
<212> PRT 

<213> Mus musculus- 

<400> 276 
I>ys Arg Tyr Phe Lys Leu Ser His Leu 
1 5 

<210> 277 

<211> 9 

<212> PRY 

<213> Mus musculus 

<400> 277 
Lys Thr Ser Glu Lys Pro Phe Ser Cys 
1 5 

<210> 278 

<211> 9 

<212> PRT- 

<213> Mus musculus 

<40O> 278 
Leu Glu Cys Met Thr Trp Asn Gin Met 

1 5 ^ 

<210> 279 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 279 

Leu Gly Gly Gly Gly Gly Cys Gly Leu _ 
1 5 

<210> 280 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 280 
Leu Gin Met Bis Ser Arg Lys His Thr 
1 5 

<210> 281 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 281 
Met His Gin Arg Asn Met Thr Lys Leu 
1 5 



<210> 282 
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<2ii> 9 

<212> PK$ _ 

<213> Mus rousculus 

. <400> 282 
Asn Ala Pro Tyr Leu Pro Ser C ys Leu 

<210> 283 
<211> 9 
<212> PRT 

<2l3> Mus iirasichUus- 

<400> 283 
As« Leu Gly Ala Thr Leu tys Gly Met 

<210> 284 
<211> 9 
<212> PRT 

<213> Mus mus cuius; 

<400> 284 
Asa Leu Tyr Gin Met Thr Ser gin Leu 
5 

<210> 285 

<211> 9 

<212> PRT 

<213> Mus muscuius 

<400> 285 
Asn Met Thr Lys Leu His Val Ala Leu 

<210> 286 

<211> 9 : 

<212> PRT 

<213> Mus muscuius 

<400> 286 
Asn Gin Met Asn Leu Gly Ala Thr Leu 

<210> 287 

<211> 9 

<212> PRT 

<213> Mus muscuius 

<400> 287 
Pro Gly Ala Ser Ala Tyr Gly Ser Leu 

<210> 288 

<211> 9 

<212> PRT 

<213> Mus muscuius 

<400> 288 
Gin Ala Ser Ser Gly Gin Ala Arg Met 



<210> 289 
<211> 9 
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<212> PRT 

<213> Wis musculus. . 

<400> 289 
Gin Met Thr Ser Gin I»eu Glu Cys Met 
1 5 

<210> 290 

<211> 9 , ' 

<212> PRT 

<213> Mas musculus 

<400> 290 
Gin Gin Tyr Ser Val Pro Pro Pro Val 
1 5 

<210> 291 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 291 
Gin Tyr Arg lie His Thr His Gly Val 
1 5 

<210> 292 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 292 
Gin Tyr Ser Val Pro Pro Pro Val Tyr 
1 5 

<2I0> 293 

<211> 9 

<212> PKT 

<213> Mus musculus 

<400> 293 
Arg Met Phe Pro Asn Ala Pro Tyr Leu 
1 5 

, <210> 294 
<211> 9 
<212> PRT 
<213> Mus musculus 
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. <400> 294 
Arg thx Pro Tyr; Ser Ser Asp Asn Leu • "■ ^ - 

*v ■ 5. " - '■ ; ; . X , " 

<210> 255 
<2I1> 9 
<212> PRT 

<213> Mus musculus 

<400> 295 
Arg Val ser Gly val Ala Pro Thr Leu 

■"' <210> 296 

<211> 9 \ ; . 

<2i2> prt "''*'V-'V.- " :: "v". ■ - 

; <213> Mus musculus. 

<400> 296 
Ser Cys Leu Glu Ser Gin Pro Thr lie 

• 5 

<210> 297 'U 

<211> 9 • .• v • 

<212> PRT 

<213> Mus musculus 

<400> 297 

Ser Cys Gin Lys Lys Phe Ala Arg Ser , 

<210> 298 

<211> 9 

<212> PRT 

<2l3> Mus musculus 

<400> 298 

Set Asp Val Arg Asp Leu Asn Ala Leti v :\ ^ 

<210> 299 
<211> 9 

<212> PRT > 
<213> Mus musculus 

<400> 299 
Ser Le U Gly Glu Gin Gin Tyr Ser Val 

1 5 . 

<210> 300 

<211> 9 ' 

<212> PRT 

<213> Mus musculus 

<400> 300 
br Cys Gin Arg Lys Phe Ser Arg Ser 

<210> 301 

<211> 9 

<212> PRT 

<213> Mus musculus 



<400> 301 



#6 01/62*20 



ICT/DS01/05702 



46 



Thr Glu Gly Gin Ser Asn His Gly He 
1 5 

t 

<210> 302 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 302 
Thr Leu His Phe Ser Gly Gin Phe Thr 
1 5 

<210> 303 

<211> 9 

<212> PRT 

<213> Mus musculus 

<4O0> 303 
Thr Leu Val Arg Ser Ala Ser Glu Thr 
1 5 

<210> 304 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 304 

Val Leu Asp Phe Ala Pro Pro Gly Ala 
1 5 

<210> 305 

<2ll> 9 

<212> PRT 

<213> Mus mus cuius 

<400> 305 
Trp Asn Gin Met Asn Leu Gly Ala Thr 
1 5 

<210> 306 

*211> 9 

<212> PRT 

<213> Mus musculus 

<400> 306 
Tyr Phe Lys Leu Ser His Leu Gin Met 
1 5 

<210> 307 

<211> 9 

<212> PRT 

<213> Mus musculus 

<400> 307 
Tyr Gin Met Thr Ser Gin Leu Glu Cys 
1 5 

<210> 308 
<211> 9 
<212> PRT 

<213> Mus musculus 

<400> 308 
Tyr Ser Ser Asp Asn Leu Tyr Gin Met 
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<2I0> 30$ 
<2li> 6 
<212> PRT 

<213> Homo sapiens 

<400> 309 
Gly Ala Ala Gin Trp Ala 
1 5 

<210> 310 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 310 

Ala Ser Ala Tyr Gly Ser Leu Gly Gly Pro Ala Pro 

10 

<210> 311 
<211> 15 
<2i2> PRT 

<213> Homo sapiens 
<400> 311 

Ala Phe Th,val Ms P he Ser Gly Gin Phe Thr Gly Thr Ma ^ 



<210> 312 
<211> 5 
<212> PRT 

<213> Homo sapiens 

<400> 312 
His Ala Ala Gin phe 
1 5 

<210> 313 
<211> 32 
<212> PRT 

<213> Homo sapiens 



10 15^ 



<400> 313 

C f " U * *■»"*« <*- *>« o,y s« oi„ Ma ^ Ua i, 

*' ,,Thr Pro Jr s °- - «*> t- g. £ «.■•* ^ se, s. 

^ 5 30 

<210> 314 
<211> 32 
<212> PRT 

<213> Homo sapiens 
<400> 314 

Axg He His Thr His Gly Val Phe A*g Gly „ e Gin Asp Val Arg Arg 

io 15 
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Val Pro Gly Val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Ser 
20 25 30 

<210> 315 
<211> 4 
<212> PRT 

<213> Homo sapiens 

<400> 31$ 
Arg Tyr Phe Lys 
1 

<210> 316 :. : \ 

<2ll> 14 

<212> PRT 

<213> Homo sapiens 

<400> 316 

Glu Arg Arg -Phe Ser Arg -Ser -Asp Gin Leu ~Lys Arg -His Gin 
1 5 10 

<210> 317 

<211> 22 

<212> PRT 

<213> Homo sapiens 

<400> 317 

Gin Arg Lys Phe Ser Arg Ser Asp His Leu Lys Thr His Thr Arg Thr 

15 10 15 

His Thr Gly Lys Thr Ser 
20 

<210> 318 
<211> 21 
<212> PRT 

<213> Homo sapiens ^ 
<400> 318 

Cys Glh Lys Lys Phe Ala" Arg Ser Asp Glu Leu Val Arg His His Asn 

I 5 10 15 

Met His Gin Arg Asn 
20 



<210> 319 
<211> 449 
<212> PRT 
<213> Homo sapiens 



<400> 319 

Met Gly Ser Asp Val Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Pro 

1 5 10 15 

Ser Leu Gly Gly Gly Gly Gly Gys Ala Leu Pro Val Ser Gly Ala Ala 

20 25 30 

Gin Trp Ala Pro Val Leu Asp Phe Ala Pro Pro Gly Ala Ser Ala Tyr 

35 40^ 45 

Gly Ser Leu Gly Gly Pro Ala Pro Pro Pro Ala Pro Pro Pro Pro Pro 

50 55 60 

Pro Pro Pro Pro His Ser Phe lie Lys Gin Glu Pro Ser Trp Gly Gly 
65 70 75 80 

Ala Glu Pro His Glu Glu Gin Cys Leu Ser Ala Phe Thr Val His Phe 
85 90 95 



W<> 01/6292© 

PCT«JS01/b57©2 

49 



^ gj Ma Jg ^ <*» Arg Tyr Gly Pro Phe 

Gly Pro PrjPro Pro S er G l„ Ma Sex Ser Gly Gin Al* £g 
Pro Asn Ala Pro Tyr Leu Pro Ser Cys Leu >i u S er og Pro Ala Ile 
Arg Asn G1 „ Gly Tyr S e r Thr Val Thr Phe Asp Gly Thr Pro Ser Tyr 



Gly His Thr Pro Ser Ms" „ ls . Ma Ala Gin S Pro Asn Bis Ser Pht 



165 



185 



Tyr ,e, Va| P,o Pro Pro vai Tyr G ly cy, ± ?hr 



CYS Thr Gly Ser : ^ Ala Lju Leu l,u Arg Thr Pro Tyr* SfcV ser Asp' 
, Asn Leu Tyr Gin Met Thr Set Gl„ Leu Glu Cys Met Thr Trp Asn Gin 
Met Asn Leu Gly Ala Thr Leu Lys Gly Val S Ala Gly Ser Ser IS 
Ser Val Lys Trp Thr Glu Gly Gin Ser A^n His Ser Thr Gly Tyr .'Glu 
Ser Asp Aan; His'' Thr Thr 'Pro lie-' Leu Cys Gly Ala Gin ^ 
His Thr Hi^Gly Vai Phe Arg Gly Ile Gin Asp V.1 2g Arg Val Pro 
Gly Val Ala Pro Thr Leu Val Arg Ser Ala Ser 2! Thr Ser Glu Lys 
Arg Pro Phe Met Cys Ala Tyr Pro G3y c ™ ^ ^ ^ ^ 320 
*eu Ser His Leu Gin Met His Ser Arg £ „ ls Thr Gly ^ « ^ 
^r Gin cys Asp Phe Lys Asp Cys Glu ^ Arg phe Ser »J ^ ^ 
Gin Leu Lys Arg His Gin Arg Arg His Thr Gly Val Lys Pro Phe Gin 
Cys Lys Thr Cys Gin Arg Lys Phe^er Arg Ser Sp His Leu Lys Th* 
His Thr Arg Thr His Thr Gly Lys Thr Ser Glu" Lys Pro Phe Ser c£ 
-g Trp Pro Ser Cys Gin Lys Lys Phe Arg Ser Asp Glu ieu Val 
Arg His His Asn Met His Gin Arg Asn Met Thr Lys Leu Gin Leu Ala 
Leu 445 - 

<210> 320 
<211> 449 
<212> PKT 
<213> Mus mus cuius 

<400> 320 

Met Gly Ser Asp Va^ Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Ser 
Ser Leu Gly Gly G l y Gly Gly ^ £ ^ ^ ^ ^ 15^ ^ 

Gin Trp Ala Pro Val Leu Asp Phe Ala P ro Pro Gly Ala 11 Ala Tyr 
Gly Ser Leu Gly Gly Pro „, Pro Pro Pro Ma pro £ ^ ^ 



60 
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Pro Pro Pro Pro Bis Ser Phe lie Lys Gin Glu Pro Ser Trp Gly Gly 
65 ., ... 70;. 75 80 

Ala Glu Pro Bis <31u Glu Gin Cys Leu Ser Ala Phe Thr Leu Bis Phe 

85 90 95 

Ser Gly Gin Phe Thr Gly Thr Ala Gly Ala Cys Arg Tyr Gly Pro Phe 

100 105 110 

Gly Pro Pro Pro Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe 

115 120 125 

Pro Asn Ala Pro Tyr Leu Pro Ser Cys Leu Glu Ser Gin Pro Thr lie 

130 135 140 

Arg. Asn Gin Gly Tyr Ser Thr Val Thr Phe Asp Gly Ala Pro Ser Tyr 
145 , ,150 155 160 

Gly Bis Thr Pro Ser His. Bis Ala Ala Gin Ph& Pro Asiv Bis Ser Phe 

165 170 175 

Lys Bis Glu Asp Pro Met Gly Gin Gin Gly Ser Leu Gly Glu Gin Gin 

180 185 190 

Tyr Ser Val Pro Pro Pro Val Tyr Gly Cys His Thr Pro Thr Asp Ser 

195 . 200 205 

Cys Thr Gly Set" Gin" Ma Leu Leu Leu Arg Thr Pro Tyr Ser Ser Asp 

210 215 220 

Asn Leu Tyr Gin Met Thr Ser Gin Leu Glu Cys Met Thr Trp Asn Gin 
225 v 230 235 240 

Met Asn Leu Gly Ala Thr Leu Lys Gly Met Ala Ala Gly Ser Ser Ser 

245 250 255 

Ser Val Lys Trp Thr Glu Gly Gin Ser Asn His Gly He Gly Tyr Glu 

260 265 270 

Ser Asp Asn His Thr Ala Pro He Leu Cys Gly Ala Gin Tyr Arg lie 

275 280 285 

His Thr His Gly Val Phe Arg Gly He Gin Asp Val Arg Arg Val Ser 

290 295 300 

Gly Val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Ser Glu Lys 
305 310 315 320 

Arg Pro Phe Met Cys Ala Tyr Pro Gly Cys Asn Lys Arg Tyr Phe Lys 

325 330 3S5 

Leu Ser His Leu Gin Met His Ser Arg Lys His Thr Gly Glu Lys Pro 

340 345 350 

Tyr Gin Cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser Arg Ser Asp 

355 360 365 

Gin Leu Lys Arg His Gin Arg Arg His Thr Gly Val Lys Pro Phe Gin 

370 375 380 

Cys Lys Thr Cys Gin Arg Lys Phe Ser Arg Ser Asp His Leu Lys Thr 
385 390 395 400 

His Thr Arg Thr Bis Thr Gly Lys Thr Ser Glu Lys Pro Phe Ser Cys 

405 410 415 

Arg Trp His Ser Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu Leu Val 

420 425 430 

Arg His His Asn Met His Gin Arg Asn Met Thr Lys Leu His Val Ala 
435 440 445 

Leu 



<210> 321 
<211> 9 
<212> PRT 

<213> Homo sapiens and Mus mus cuius 

<400> 321 
Pro Ser Gin Ala Ser Ser Gly Gin Ala 
1 5 



<210> 322 
<211> 9 
<212> PRT 

<213> Homo sapiens and Mus mus cuius 
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<400> 322 : . . 
Ser Set Giy^ Gin 'Ala -Ai£ Pfet £he Pro 
1 5 

<210> 323 
<211> 9 
<212> PRT 

<213> Honio sapiens ahd Mas musculus. 

<400> 323 
Gin Ala Arg Met Phe Pro Asn Ala Pro 

<210> 324 
<211> 9 
<212> PRT 

<213> Homo sapiens and Mus musculus 

<400> 324 
Met Phe Pro Asn Ala Pro Tyr Leu Pro 

' 5 • ■ ■ 

<21tf>. 325 
<2li> 9 
<212> PRT 

<213> Homo sapiens and Mus musculus 

<400> 325 
Pro Asn Ala Pro Tyr Leu Pro Ser Cys 
1 5 * 

<210> 326 

<211> 9 v . ~t*\r * - ^riV 

<2i2> prt /r-fW, 'W- & ^ 6 - 

<213> Hdmo sapiens and Mus, musculus 

<400> 326 ' 
Ala Pro Tyr Leu Pro Ser Cys Leu G2u 
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